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Description 

TECHNICAL FIELD 

[0001] The present invention relates to semiconduc- 
tor materials according to the preamble of claim 1. 
These materials belong to the type of crystal grown as 
lll-V compound semiconductor composed of at least 
one of what is called the group-Ill elements including B, 
Al, Ga, In and Tl and at least one of what is called the 
group-V elements including N, P, As, Sb and Bi. More 
in particular the invention relates to such material made 
by crystal growth techniques forming a crystal of a struc- 
ture having hexagonal symmetry or a crystal of a lll-V 
compound (hereinafter referred to as "the nitride semi- 
conductor"), each required to contain N (nitrogen) as a 
group-V element. 

[0002] Also, the present invention relates to a semi- 
conductor device made from the above material, such 
as semiconductor light-emitting diodes and semicon- 
ductor laser devices suitable for emitting the light with 
wavelengths up to the ultra-violet ray or suitable as a 
light source for optical information processings or a light 
source for optical measurement equipments. 

BACKGROUND ART 

[0003] In recent years, various reports on the diodes 
and laser devices for emitting a light in the wavelength 
of blue region using GalnN/GaN/AIGa materials have 
been published in Appl. Phys. Lett. , Vol. 64, March 1 944, 
pp. 1 687-1 689 (Article 1); Appl. Phys. Lett., Vol. 67, Sep- 
tember 1995, pp. 1868-1870 (Article 2); Jpn. J. Appl. 
Phys., Vol. 34-7A, July 1995, pp. L797-L799 (Article 3); 
Jpn. J. Appl. Phys., Vol. 34-1 0B, October 1995, pp. 
L1332-L1335 (Article 4); and Jpn. J. Appl. Phys., Vol. 
34-11 B, November 1995, pp. L1517-L1519 (Article 5). 
[0004] What is shared by the semiconductor devices 
disclosed in Articles 1 to 5 is that a buffer layer com- 
posed of the above-mentioned nitride semiconductor is 
formed on a sapphire (AI 2 O a ) substrate, and a nitride 
semiconductor layer is grown on the buffer layer. Such 
a structure is disclosed in JP-A-4-297023 (and JP-A- 
7-312350 constituting a divisional application thereof, 
and a corresponding US Patent No. 5,290,393) and 
JP-A-4-321280. According to the teaching of JP-A- 
4-297023, a polycrystalline layer is produced by forming 
a first nitride semiconductor layer made of Ga^l^N (0 
^ x ^ 1 ) on a sapphire layer at 300 to 700°C lower than 
the melting points of these materials. When a second 
nitride semiconductor layer is grown on this polycrystal- 
line layer at a temperature of 1 000 to 1 050°C, the sec- 
ond nitride semiconductor layer is epitaxial ly grown with 
the grains (crystal grains) constituting the first nitride 
semiconductor layer as nuclei. As a result, an epitaxial 
film of a nitride semiconductor having fine surface mor- 
phology can be formed on the sapphire substrate. A pro- 
posal thus has been mad to utilize the above-men- 



tioned polycrystalline layer as a buffer lay r for forming 
a semiconductor device. 

[0005] Ther ason why a semiconductor device com- 
posed of the above-mentioned nitride semiconductor is 

5 formed on a sapphire substrate is, as disclosed in JP-B- 
6-101587, that the crystal structure of sapphire, unlike 
that of GaAs or the like (having a cubic symmetry struc- 
ture of zinc-blende type), has a hexagonal closed-pack- 
ing structure (also called hexagonal zinc sulfide or wur- 

10 tzite structure). According to this publication, however, 
the difference in lattice constant between GaN and sap- 
phire is as large as about 14 %. The nitride semicon- 
ductor layer formed on the sapphire substrate, there- 
fore, develops lattice defects such as dislocations, so 

'5 that the non-saturated bonding caused in the nitride 
semiconductor layer forms a donor level or absorbs el- 
ements of impurities constituting donors. The resulting 
problem is that this nitride semiconductor layer assumes 
N type and the life time of the carriers injected into this 

20 nitride semiconductor layer is shortened. This publica- 
tion, in order to solve this problem, discloses a technique 
which employs a substrate made of MgAI 2 0 4 having a 
cubic symmetry spinel crystal structure or MgO having 
a NaCI-type crystal structure and fabricates nitride sem- 

25 iconductor layers on the substrate by matching the lat- 
tice constants between them. A semiconductor laser us- 
ing this technique is reported in Appl. Phys. Lett., Vol. 
68, April 1996, pp. 2105-2107 (Article 6). 
[0006] The above-mentioned conventional tech- 

30 niques teach the possibility of realizing a semiconductor 
device made of what is called a nitride semiconductor 
required to contain N (nitrogen) as a lll-V chemical com- 
pound semiconductor or a group-V element having a 
crystal structure of the hexagonal symmetry structure. 

35 Nevertheless, sufficient data (for example, the continu- 
ously operating time of a laser device) are not available 
to guarantee the practicability of such a semiconductor 
device. Especially, the supplementary trials conducted 
by the inventors show that the density of defects devel- 

40 oped in the nitride semiconductor layer is as high as 1 0 1 1 
cm -2 , and the inventors judged that a laser device ca- 
pable of being operated continuously for at least 1000 
hours cannot be realized under the above-mentioned 
conditions. 

45 [0007] In recent years, NIKKEI ELECTRONICS, De- 
cember 4, 1995 issue, No. 650, pp. 7 (Article 7) has re- 
ported that as a result of a joint research made between 
Cree Research, Inc. and North America Phillips, it was 
found that the use of SiC crystal as a substrate reduces 

50 the lattice defect density of the nitride semiconductor 
layer formed on the substrate to as low as 1 0 8 cm -2 and 
thus can realize blue laser diodes higher in brightness 
than the conventional devices. According to Article 7, 
however, the defect density of the nitride semiconductor 

55 layer is insufficient to lengthen the life time of the laser 
diode, and the reduction in the defect density (1 0 4 cm -2 
at present) of the crystal of the SiC substrate is indis- 
p nsable for reducing the defect density of th nitride 
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semiconductor layer. In constructing a semiconductor 
laser by forming a nitride semiconductor layer on a SiC 
substrate, th refore, an improved quality of the SiC sub- 
strat as well as the growth of a nitride semiconductor 
layer is indispensable for I ngthening the life tim , and 
the development cost is expected to increase. 
[0008] Also, the articles and publications introduced 
above refer to the configuration of a nitride material used 
for an optical active layer or an optical waveguide layer 
but not to the shape of the active layer or the waveguide 
for controlling the transverse mode of the semiconduc- 
tor laser. Thus, none of the articles and publications con- 
tain the description of a method of reducing the crystal 
defect density suitable for the waveguide structure men- 
tioned above or, especially, a method of reducing the 
optical loss in the neighborhood of the active layer of the 
waveguide. 

[0009] The precharacterising first part of claim 1 starts 
out from the prior art of IBM TDB, vol. 1 9, No. 1 0, March 
1977, page 4049. This document discloses a laser de- 
vice having an Al 2 0 3 or Si0 2 insulator layer with a win- 
dow on AIN material. The strip-shaped window defines 
the lasing region. A GaN layer overlies the insulator and 
the window. An optically active region is formed where 
the GaN layer overlies the window and contacts the AIN 
material through the window. Where the GaN layer over- 
lies the insulator, the device is inactive and particulars 
of the crystal structure of the inactive portions of the de- 
vice are not stated in this document. 
[0010] In the prior art, nitrogen containing semicon- 
ductors such as GaN grown on insulators such as Si0 2 
were often polycrystalline, as disclosed in EP-A-277 597 
or JP-A-60-88471. 

Summary of Invention 

[001 1 ] It is an object of the invention to provide a sem- 
iconductor material having a region of a nitrogen-con- 
taining compound semiconductor with very low defect 
density. 

[001 2] This object is solved by the semiconductor ma- 
terial set forth in claim 1 . The subclaims are directed to 
preferred embodiments of the invention. Claims 10 to 
13 relate to semiconductor devices comprising the ma- 
terial of the invention. 

[0013] A semiconductor material of the present inven- 
tion is the basis to realize a crystal growth technique for 
forming a semiconductor layer having a very low defect 
density made of a lll-V compound semiconductor hav- 
ing preferably a crystal structure of hexagonal symme- 
try, made of what is called a nitride semiconductor re- 
quired to contain N (nitrogen) as a group-V element. "A 
very low defect density" indicates a defect density on 
the order of 1 0 7 -cm* 2 or less which is difficult to attain 
by the above-mentioned technique using a SiC sub- 
strate. This crystal growth technique not only includes 
a technique for reducing the defect density of a fabricat- 
ed semiconductor layer uniformly as a whole but also is 



aimed at examining what is called the selective crystal 
growth for reducing the defect density only in the desired 
region. 

[0014] Embodiments of the present invention length- 
s en the life time of semiconductor devic s fabricat d us- 
ing the above-mentioned crystal growth technique or im- 
prove the life or mobility of the carriers involved in the 
operation of the semiconductor devices to a sufficient 
value for practical application of the semiconductor de- 
10 vices. Especially a light-emitting diode or laser diode 
can have a configuration of an optical waveguide suita- 
ble for geometrically controlling or reducing the optical 
loss of the waveguide and the active layer based on the 
above-mentioned selective crystal growth method, and 
15 a configuration suitable for obtaining a stimulated emis- 
sion of light with high internal quantum efficiency from 
a flat or smooth active layer of the laser device. Specif- 
ically, the technique used for these embodiments is 
aimed at defining the structure of a waveguide and an 
active layer capable of guiding the fundamental trans- 
verse mode stably in the wavelength of blue-violet re- 
gion and suitable for realizing a laser diode operating 
with low threshold current and high efficiency. 



[001 5] One of the present inventors proposed a sem- 
iconductor laser device as described below in the spec- 
ification of J P-A-7-238 142 forming the foundation for the 

30 declaration of priority of the present application. An ex- 
ample will be described with reference to Fig. 1 . A first 
nitride semiconductor layer (including a GaN buffer lay- 
er 2 and a n-type GaN optical waveguide layer 3) is 
formed by crystal growth on a single-crystal substrate 1 

35 of sapphire (a-AI 2 0 3 ) having a (0001 )C surface, and 
then an insulator mask 4 is formed on the first nitride 
semiconductor layer. This insulator mask 4 has regular 
patterns of rectangular window regions, in which the up- 
per surface (the upper surface of the n-type GaN optical 

40 waveguide layer 3) is exposed. Under this condition, a 
second nitride semiconductor layer (a n-type GaN opti- 
cal waveguide layer 5) is selectively grown on the insu- 
lator 4 (on the first nitride semiconductor layer in the win- 
dow regions). Fig. 1 Bis a plan view of the insulator mask 

45 4, and Fig. 1 A is a sectional view taken in line A-A' in 
Fig. 1B. 

[0016] Specifically, the semiconductor laser device 
proposed by one of the present inventors has a feature 
in that a nucleation region for crystal growth of the sec- 

50 ond nitride semiconductor layer is confined to the sur- 
face of the n-type GaN optical waveguide layer 3 ex- 
posed in the above-mentioned window regions, and by 
thus improving the three-dimensional growth density, 
the second nitride semiconductor layer is grown in such 

55 a manner as to fill the window regions first and when the 
uppermost surface of th grown portions reaches a level 
flush with the upper surface of the insulator 4, the growth 
of the second nitride semiconductor layer is started on 
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th insulator 4. The surface of each portion of the sec- 
ond nitride semiconductor layer protruded from each 
window r gion grows to extend in the directions parallel 
and perpendicular to the upper surface of the insulator 
4. In the case where the window areas of substantially 
the same size are arranged regularly (or substantially 
equidistantly), therefore, the crystal layers that have ex- 
tended from each pair of adjacent window regions coa- 
lesce with each other on the insulator 4 substantially at 
the same time. This produces the effect of reducing the 
crystal defects or crystal grain boundaries of the second 
nitride semiconductor layer, as compared with the nor- 
mal bulk growth in which the second nitride semicon- 
ductor layer is formed on the insulator 4 as a crystal layer 
having a flat surface of growth without using any insu- 
lator mask. 

[0017] The present inventors fabricated several lots 
of the above-described semiconductor laser devices ac- 
cording to the present invention on an insulator of Si0 2 , 
and by reducing the thickness of these lots along the 
direction of crystal growth, observed them under the 
transmission electron microscope (TEM). The semicon- 
ductor laser devices were fabricated by forming a first 
nitride semiconductor layer, an insulator having open- 
ings (window regions) and a second nitride semiconduc- 
tor layer, in that order, on the (0001 )C surface of a sap- 
phire (a-AI 2 0 3 ) single-crystal substrate. Also, a portion 
of the second nitride semiconductor layer is formed in 
the openings, and coupled to the first nitride semicon- 
ductor layer on the bottom of the openings. The follow- 
ing knowledge has been obtained from what is called 
the cross-sectional TEM image of this semiconductor la- 
ser device. 

Knowledge 1 : The crystal defect density of the second 
nitride semiconductor layer grown on the Si0 2 film (in- 
sulator) is in or lower than the range of 1 0 4 to 1 0 s cm -2 . 
In contrast, the crystal defect density of the second ni- 
tride semiconductor layer grown from the upper surface 
of the first nitride semiconductor layer in the openings 
of Si0 2 is at the same level of 10 9 to 10 11 cnrr 2 as re- 
ported in the past. Most of the defects (dislocations) ob- 
served in the second nitride semiconductor layer grown 
in the openings are originated in the interface of the sap- 
phire substrate and intrude into the openings through 
the first nitride semiconductor layer, while only a small 
portion of the defects intrudes into the second nitride 
semiconductor layer formed on the Si0 2 layer. In other 
words, the defects observed in the second nitride sem- 
iconductor layer on Si0 2 sharply decrease away from 
the Si0 2 openings. Origination of the defects is shown 
schematically by dashed lines in Fig. 1 . 
[0018] Applying Knowledge 1 to the unit structure of 
the hexagonal crystal system shown in Fig, 2, the 
present inventors confined the nucleation for crystal 
growth of a nitride semiconductor crystal by forming 
openings in an insulator, and with regard to a nitride 
semiconductor laser d vice formed with an increas d 
nucleation density, th inventors have examined as fol- 



lows: 

[0019] The growth of the crystal having a hexagonal 
zinc sulfide (wurtzite) structure which is a kind of a h x- 
agonal crystal system has such a feature that defects 
5 extend selectively along c-axis but do not multiply along 
other axes. A transmission electron diffraction pattern 
has confirmed that the second nitride semiconductor 
layers grown in the openings and on the insulator are 
both the crystal of wurtzite structure. The nitride semi- 
10 conductor layer on the insulator, however, is substan- 
tially free of the defects extending along c-axis consti- 
tuting the feature of the wurtzite structure. Suppose that 
the second nitride semiconductor layer is divided into 
two regions about imaginary interfaces (indicated by 
« one-dot chains in Figs. 1Aand 1B) extending along the 
side walls of the openings. Almost all the defects in the 
regions on the insulator are successors to the defects 
formed in the openings and are received at the imagi- 
nary interfaces. Consequently, on the assumption that 
the region on the insulator grows in the direction sub- 
stantially perpendicular to c-axis from the imaginary in- 
terfaces (i.e., in what is called homoepitaxial growth), 
the low defect density in the particular region is consid- 
ered due to the property of crystal growth of the wurtzite 
structure in which no defect multiplies along other than 
c-axis direction. 

[0020] In view of this, the present inventors have con- 
cluded as follows: 

Conclusion 1 : The crystal of a n itride semiconductor 
grows extending in vertical direction from the sur- 
face of the region having a crystal structure in the 
openings of the insulator (i.e., in the direction per- 
pendicular to the particular surface) following the 
atomic arrangement of the same surface, and the 
nitride semiconductor grown and protruded out of 
the openings extends onto the insulator in transver- 
sal direction (i.e., in the direction substantially par- 
allel to the upper surface of the insulator) from the 
sides of the nitride semiconductor protruded from 
the openings as new growth interfaces. In other 
words, the crystal growth of a nitride semiconductor 
is what is called the selective crystal growth exhib- 
iting a behavior in the openings different from that 
on the surface of the insulator. In the tatter case, i. 
e., on the surface of the insulator, the crystal growth 
is substantially homoepitaxial. 

[0021 ] The c-axis is an axis of the coordinates (called 
the crystal axis) for defining the atomic arrangement of 
the unit cells of the crystal of the hexagonal symmetry 
structure. In Fig. 2, the c-axis is designated by arrow 
(unit vector) c (a 1 axis, a 2 axis and a 3 axis are also sim- 
ilarly designated). In Fig. 2, group-Ill atoms (Ga, Al, etc.) 
are designated by white circles, and group-V atoms (N, 
As, etc.) by black circles. Th crystal surface of the hex- 
agonal symmetry structure is xpressed by index (a 1t 
a 3 , c) defined by th se unit vectors, an example of 
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which is shown in Fig. 2. Sapphire has also a crystal 
structure of the hexagonal system like a nitride semi- 
conductor, and therefore the (0001 )C surface ther of is 
a crystal surface orthogonal to c-axis as obvious from 
Fig. 2. The a-axis and a 2 -axis in the crystal structure of 
the hexagonal symmetry structure are alternatively ex- 
pressed as the a-axis and the b-axis, respectively. On 
the basis of this notation, the a-axis, b-axis and the c- 
axis are sometimes expressed by the index [a, b, c] 
which normally represents [100], [010] and [001]. The 
fundamentals of the crystal structure of the hexagonal 
system were described above. With reference to Fig. 2, 
it will be understood that the above-mentioned first ni- 
tride semiconductor layer epitaxially grows along c-axis 
on the (0001) plane of the sapphire crystal substrate 
which is also the hexagonal symmetry structure. (The 
crystal of the first nitride semiconductor layer grown in 
this way is called to be "oriented along c-axis" with re- 
spect to the sapphire substrate). 
[0022] For in-depth examination of the truth of the se- 
lective growth of the nitride semiconductor based on 
Conclusion 1 , the present inventors have examined the 
crystalline property of the crystal structure (amorphous 
or single crystal) and the component elements of the in- 
sulator having the openings and the crystalline property 
of the nitride semiconductorformed in a manner to cover 
the insulator. In conducting this examination, as shown 
in Figs. 3A to 3E, an insulator 4 having an opening 40 
is formed or bonded on the (0001 )C surface of a sap- 
phire substrate 1 , and like in the semiconductor laser 
device described above, a nitride semiconductor crystal 
5 was grown on the insulator while confining the nucle- 
ation region to the opening. As the result of varying com- 
positions of the insulator and the nitride semiconductor 
by lots, the following knowledge were obtained: 

Knowledge 2: In the case where the insulator is 
made of an amorphous material such as Si0 2 , 
Si 3 N 4 (SiN x ), Si0 2 :P 2 0 5 (PSG), SiON orTa^Og, the 
defects in the nitride semiconductor layer formed on 
the insulator sharply decrease with the distance 
away from the opening. Also, the crystal defect den- 
sity in the nitride semiconductor layer formed on the 
insulator is in or lower than the range of 1 0 4 to 1 0 5 
cm- 2 . 

Knowledge 3: In the case where the insulator is 
made of SiC or BaTi0 3 having a crystal structure, 
on the other hand, the growth of a nitride semicon- 
ductor started in the opening (on the sapphire sub- 
strate) at the same time as on the insulator. The 
grown surfaces of the nitride semiconductors had 
unevenesses reflecting the presence or absence of 
a window region, and crystal defects developed on 
the insulator in a density (in the range of 1 0 8 to 1 0 11 
cm -2 ) comparable to that in the opening. 
Knowledge 4: Further, in the case where the surface 
of the sapphire was non-crystallized partially by ir- 
radiating Ga ions and a nitride semiconductor layer 



was grown on the non-crystallized surface, crystal 
has begun to grow on the non-crystallized surface 
almost at the same time as on the surface maintain- 
ing a crystal structure. It was found that the crystal 

s defect density of the nitride semiconductor layer 
formed on the non-crystallized surface is lower than 
that on the surface having a crystal structure, but 
inferior (in the range of 1 0 6 to 1 0 8 cm -2 ) to the crystal 
defect density obtained in the nitride semiconductor 

10 layer formed on the Si0 2 layer. 

[0023] In each of the foregoing experiments, the den- 
sity defect in the nitride semiconductor layer grown in 
the opening was in the range of 1 0 8 to 1 0 11 cm -2 . These 
15 experiments will be described in more detail later with 
reference to embodiments of the invention. 
[0024] The present inventors reached the following 
conclusions from Knowledge 2 to 4: 

20 Conclusion 2: In the case where the insulator form- 
ing the base of a nitride semiconductor is amor- 
phous, the growth of the crystal of the nitride sem- 
iconductor becomes more active in the direction 
perpendicular to what is called the c-axis, along 

25 which direction defects are not liable to extend eas- 
ily. In the case where the insulator has a crystal 
structure, on the other hand, the crystal of the nitride 
semiconductor grows heteroepitaxially as defined 
by the atomic arrangement in the surface of the in- 

30 sulator. In other words, for the defects of a nitride 
semiconductor crystal to be reduced, it is indispen- 
sable to remove the effects that the atomic arrange- 
ment of an insulator may have on the atomic ar- 
rangement on the surface of the particular insulator, 

35 and therefore the insulator is required to have an 
amorphous structure. 

[0025] Further, in order to verify Conclusion 2, the 
present inventors attached a minuscule droplet of Ga 

40 atoms to the center of the amorphous surface of an in- 
sulator formed uniformly and substantially flatly, and 
heated the resulting assembly to the growth tempera- 
ture of 1030°C in the ammonia environment. This ex- 
periment will be described in more detail later in the sec- 

45 tion of "Introduction" to embodiments of the invention. 
For the time being, only the result of the experiment will 
be described. This experiment, in order to clarify the 
mechanism of crystal growth on an insulator, oxidized 
the surface of a silicon single-crystal substrate and 

so formed an amorphous Si0 2 film 1 01 . A nitride semicon- 
ductor was grown on this Si0 2 film 101 without forming 
any openings therein. The following knowledge was ob- 
tained from this experiment: 

55 Knowledge 5: A microcrystal having a mirror sur- 
face was formed in the region formed with the drop- 
let of Ga atoms. Further, in the case where the tem- 
perature of the amorphous Si0 2 film was held at the 
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growth temperature of 1 030°C and a trimethyl gal- 
lium (TMG) gas was supplied in the ammonia envi- 
ronment, a single crystal in the shape of hexagonal 
column was gradually grown about the above-men- 
tioned microcrystal. An observation of the section 
of this single crystal under TEM shows that the den- 
sity of the defects found in the crystal is considera- 
bly lower than the value (10 4 to 10 5 cm* 2 ) for the 
above-mentioned selective growth. In fact, some 
lots were regarded substantially free of defects. 

[0026] On the basis of the above-mentioned experi- 
ment and Knowledge 5 obtained therefrom, the present 
inventors interpreted the crystal growth mechanism for 
the nitride semiconductor on an insulating material ac- 
cording to the model shown in Figs.4Ato4E. In the mod- 
el of Figs. 4A to 4E, Ga atoms (group-fll elements) are 
designated by white circles, and N atoms (group-V ele- 
ments) are designated by black circles. Also, the direc- 
tion of movement of each atom was indicated by an ar- 
row attached to each circle. Opinions of the present in- 
ventors will be described in detail below. 
[0027] According to the interpretation of the present 
inventors, the N atoms and the Ga atoms on the amor- 
phous insulator move about actively in search of a stable 
state. This is similar to the behavior of Si atoms forming 
terraces and atomic steps in the topmost surface of sil- 
icon, known as the atomic migration. In the experiment 
under consideration, Ga atoms were fixed as a droplet 
(Fig. 4A) on an amorphous insulator. Exposure to an 
ammonia environment under this condition causes the 
N atoms supplied from the environment to attach on the 
insulator and reach the droplet of Ga atoms. As de- 
scribed above, N atoms of the group-V element, which 
share the electrons in the outermost cell with Ga atoms 
of the group-Ill element, form a pair in a stoichiometric 
ratio of Ga:N = 1:1. In this way, a stability is attained by 
forming a compound (Fig. 4B). 
[0028] Further, the insulator is set at an optimum tem- 
perature for growing a single crystal of GaN. Then, the 
N atoms concentrated in the Ga droplet build up a mu- 
tually regular arrangement in order to improve the sta- 
bility of the compound, thereby forming the above-men- 
tioned microcrystal (Fig. 4C). Under this condition, ex- 
traneous N atoms not participating in the formation of a 
GaN crystal exist on the insulator. Supplying TMG in this 
state, the ratio between the number of Ga atoms and 
the number of N atoms existing on the insulator ap- 
proaches the above-mentioned stoichiometric ratio. In 
view of the fact that both Ga atoms and N atoms move 
about rapidly on the insulator, however, the probability 
of the two types of atoms bumping each other is negli- 
gibly low as compared with the probability of their bump- 
ing the GaN crystal fixed on the insulator. Thus, all of 
the N atoms and Ga atoms supplied from the TMG and 
the ammonia environment substantially participate in 
the growth of the GaN crystal (Fig. 4D). As a result, the 
crystal growth proceeds over the entire crystal surface 



of the Ga microcrystal, so that the GaN single crystal 
multiplies while maintaining the shape of a hexagonal 
column (Fig. 4E). As obvious from the above-mentioned 
process, the direct growth of a nitride semiconductor 
5 crystal on an insulator starts with the Ga atoms supplied 
as a droplet on the insulator as a nucleus. 
[0029] From the foregoing interpretation, the present 
inventors have obtained the following conclusion: 

10 Conclusion 3: A nitride semiconductor layer can be 
grown directly on an insulator of an amorphous 
structure without depending on the selective crystal 
growth described above. In this case, it is necessary 
to form a nucleus for crystal growth on the insulator. 

'5 This nucleus is sufficiently composed of atoms of a 
group-Ill element alone. 

[0030] Conclusion 3 indicates that no new crystal 
growth occurs unless a nucleus for crystal growth is sup- 

20 plied on the insulating layer on the one hand and that 
an unexpected crystal growth occurs depending on the 
type of atoms existing in the surface of an insulator hav- 
ing an amorphous structure on the other. Specifically, 
according to Conclusion 3, it is possible to explain con- 

25 sistently, as described below, that a nitride semiconduc- 
tor layer begins to grow on the non-crystallized surface 
of a sapphire substrate obtained as Knowledge 4 almost 
at the same time as on the surface maintaining a crystal 
structure, and that the crystal defect density of such a 

30 nitride semiconductor layer is higher than that of the ni- 
tride semiconductor layer grown on a Si0 3 film. 
[0031] First, the substantially simultaneous crystal 
growth in the non-crystallized portion and the crystal 
portion is caused by the fact that the Al atoms constitut- 
es ing a component element of the sapphire existing in the 
non-crystallized surface form a nucleus of a nitride sem- 
iconductor layer as a group-Ill element. In other words, 
the Al atoms play the same role as the droplet of Ga 
atoms described in Knowledge 5. Consequently, micro- 

40 crystals are formed in an irregular arrangement on the 
non-crystallized surface of the sapphire constituting an 
insulator of an amorphous structure, and the individual 
single-crystal regions grown therefrom coalesce with 
each other discretely during the crystal growth time, 

45 thereby giving rise to an unexpected mutual stress be- 
tween the single-crystal regions. Especially, slight ups- 
and-downs of the surface of the insulator presents itself 
as a difference in the orientation angle of c-axis between 
the single crystal regions. Thus, the crystal in one region 

so grows in such a direction as to bite into the crystal in 
another region, with the result that a stress which induc- 
es crystal defects is generated between the regions in- 
volved. The nitride semiconductor layer on the no n -crys- 
tallized portion thus develops a great number of crystal 

55 defects, though not as much as experienced by the ni- 
tride semiconductor layer on the crystal portion (i.e, the 
portion affected by lattice mismatching). 
[0032] The above-mentioned experiment revealed 
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the fact that in growing a nitride semiconductor layer di- 
rectly on an amorphous insulator, it is critical to control 
the distribution of the group-Ill elements on th surface 
of the insulator, and it became apparent that th insula- 
tor is desirably formed of a material not containing any 
group-Ill element as a constituent element. In other 
words, the composition of the material constituting the 
amorphous insulator is preferably different from that of 
the semiconductor layer formed on the amorphous in- 
sulator. Further, it is desirable not to contain any 
group-Ill element as a constituent element. Although the 
foregoing examination concerns a nitride semiconduc- 
tor, i.e., what is called a lll-V compound semiconductor 
which is composed of at least one of the group-ill ele- 
ments including B, Al, Ga, In and Tl on the one hand 
and at least one of the group-V elements including N, P, 
As, Sb and Bi on the other hand and which contains N 
(nitrogen) as a group-V element, the inventors have 
concluded that the same result of examination can be 
fed back for use with a semiconductor crystal constitut- 
ing what is called a lll-V compound having a structure 
of the hexagonal symmetry structure. 
[0033] Based on the above-mentioned result of exam- 
ination, the present inventors propose below a semicon- 
ductor material having a new configuration and a meth- 
od of fabrication thereof. The semiconductor material re- 
ferred to herein is not limited to those employed in the 
structure of a semiconductor device but includes, for ex- 
ample, a body on which a semiconductor device is 
formed. 

Semiconductor material 1: This material comprises a 
first region made of a crystal of a compound semicon- 
ductor containing at least nitrogen as a constituent ele- 
ment and a second region made of an insulator, wherein 
at least a portion of the first region is grown on the sec- 
ond region. 

Semiconductor material 2: This material comprises a 
first region made of a compound semiconductor con- 
taining nitrogen and having a crystal structure of the 
hexagonal symmetry structure and a second region 
made of an insulator having an amorphous structure, 
wherein at least a portion of the first region is grown on 
the second region. 

[0034] The above-mentioned semiconductor materi- 
als include those characterized in that the density of de- 
fects existing in the crystal of the portion of the first re- 
gion grown on the second region is not more than 10 7 
cm -2 . The above-mentioned semiconductor materials 
also include those characterized in that the compound 
semiconductor making up the first region is composed 
of a group-Ill element and a group-V element. 
Semiconductor material fabrication method 1: This 
method is characterized by comprising a step of growing 
the crystal of a compound semiconductor containing at 
least nitrogen as a constituent element on the surface 
of an insulator having an amorphous structure. 
Semiconductor material fabrication method 2: This 
method is characterized by comprising a step of growing 



the crystal structure of a hexagonal symmetry structure 
of a compound semiconductor configured of a group-Ill 
lement and a group-V lement on the surface of an in- 
sulator having an amorphous structure. 
5 [0035] The above-mention d methods of fabricating 
a semiconductor material, in which an insulator is 
formed on a crystal substrate of the hexagonal system 
and has at least an opening. 

[0036] The above-mentioned semiconductor materi- 
10 als and methods for fabrication thereof are promising as 
a technique for providing a nitride semiconductor now 
closely watched as a material of a light-emitting diode 
for emitting the light of wavelengths from green to ultra- 
violet ray, i.e. a material with low defect density having 
*5 a crystal structure of the hexagonal system composed 
of at least one of the group-Ill elements (especially, Ga, 
Al and In) and the N (nitrogen) element. 



[0037] The inventors propose a configuration of a 
semiconductor device realized by the above-mentioned 
fabrication technique of a semiconductor material. Spe- 
cifically, an embodiment of the present invention pro- 

2s vides a semiconductor device fabricated by forming a 
conventional nitride semiconductor by heteroepitaxial 
growth, in which the structural problem of the conven- 
tional semiconductor device unavoidably caused by the 
heteroepitaxial growth is avoided by combining the 

30 above-mentioned technique of transverse ho mo epitax- 
ial growth. 

[0038] The present invention will be briefly explained 
with reference to an application to a semiconductor op- 
tical device (a general term for a semiconductor laser 

35 device, an optical modulator and an optical switch) as 
an example of a semiconductor device. The significant 
basic feature of the semiconductor optical device ac- 
cording to this invention is that a semiconductor layer 
constituting an optical crystal region (a general term in- 

40 dicating regions for emitting, absorbing, containing or 
guiding the light, including an active layer and an optical 
waveguide) is formed on an amorphous insulator. Spe- 
cifically, a semiconductor layer making up an optical 
crystal region or a semiconductor layer forming the base 

45 thereof is formed by the transverse homoepitaxial 
growth technique described above thereby to reduce 
the density of the defects generated in the crystal layer. 
From the viewpoint of the process for fabricating the de- 
vice, unlike in the prior art for forming an optical crystal 

so region by repeating the heteroepitaxial growth on the 
main surface of a substrate, a method for making an em- 
bodiment of the invention is characterized in that an in- 
sulator having at least an opening is formed on the main 
surface of a substrate and a semiconductor layer is 

55 formed by homoepitaxial growth on the insulator, after 
which an optical crystal region is formed as a semicon- 
ductor layer in or on th homoepitaxial layer by h t - 
ro epitaxial growth. 



2. Application to semiconductor devices 
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[0039] As described above, in the transverse crystal 
growth of a nitride semiconductor occurring on a region 
composed of an insulator having an amorphous struc- 
ture (such as a body of an insulator), the semiconductor 
crystals grown transversely from different regions are 
transversely coalesced on the insulator region or on the 
body. This insulator region is formed as a mask-like in- 
sulator having at least an opening, and thus the growth 
of the crystal of a nitride semiconductor layer on the in- 
sulator is controlled, thereby considerably reducing the 
crystal defects such as dislocations in the nitride semi- 
conductor layer formed on the insulator. With the semi- 
conductor optical device according to an embodiment 
of the present invention characterized in that an optical 
crystal region is formed in a nitride semiconductor layer 
formed on the insulator or in a semiconductor layer 
formed by epitaxial growth on the nitride semiconductor 
layer, the crystal defect density in the optical region can 
be suppressed within or lower than the range of 10 4 to 
1 0 5 cm -2 . With the conventional semiconductor optical 
device with an optical crystal region formed by sequen- 
tial hetero epitaxial growth of the crystal of a nitride sem- 
iconductor on a crystal substrate (such as a sapphire 
substrate) having a different lattice constant, on the oth- 
er hand, the crystal defect density occurring in the opti- 
cal crystal region is 10 8 to 10 11 cm -2 . 
[0040] The reduction of the crystal defects in the op- 
tical crystal region achievable by the present invention 
obviates all the problems of the scattering loss of light 
and the shortened life of the carriers contributing to light 
emission due to crystal defects at a time. Especially, the 
reduced crystal defects of an optical waveguide sup- 
presses the loss of optical gain due to the scattering in 
the resonative amplification of stimulated emission of 
light and therefore secures an operation with low thresh- 
old current and high efficiency. 
[0041 ] Also, if a semiconductor layer between an op- 
tical crystal region and an electrode (hereinafter referred 
to as the contact layer) is formed by homoepitaxial 
growth on an insulator, an increased amount of n-type 
or p-type impurities can be doped into the contact layer. 
As a result, carriers can be easily generated by doping 
impurities into the contact layer, thereby making it pos- 
sible to set the concentration of n- and p-type carriers 
to a high value on the order of 10 18 to 10 19 cnr 3 . Con- 
sequently, in an application to a semiconductor laser de- 
vice, for example, carriers of high density can be inject- 
ed toward the optical active layer from the optical 
waveguide layer due to the reduced resistance of the 
contact layer. Thus, the optical gain can be improved 
and hence an operation can be performed with low 
threshold current and high efficiency 
[0042] The use of the waveguide structure described 
below is effective for improving the effect of a semicon- 
ductor optical device according to the invention. Well- 
known waveguide structures include a gain-guided 
structure with a limited region of an optical active layer 
for securing a gain by a current-blocking layer, and a 



refractive index-guided structure having a refractive in- 
dex difference transversely of an optical active layer by 
such a stripe structure as a ridge stripe structure or a 
buried heterostructure (BH). Among these structures, 
5 the refractive index-guided structure, which can guide 
the wave stably in fundamental transverse mode, is es- 
pecially important for assuring an operation with low 
threshold current and high efficiency. According to this 
structure, a substantial optical crystal region defining the 
10 waveguide (i.e., the portion at which carriers are injected 
or where an electric field is applied) is set on an insulator 
so that carriers are injected and the electric field is ap- 
plied intensively into an optical active layer and an op- 
tical waveguide layer composed of a semiconductor 
1$ crystal of low defect density, thereby improving the 
emission efficiency with respect to the amount of inject- 
ed carriers and the optical modulation efficiency accord- 
ing to the electric field intensity. The waveguide struc- 
ture described above can be formed on, under or in the 
optical crystal region (in an optical guide layer or in a 
cladding layer). As a result, a refractive index-guided 
structure for propagating the laser beam stably in fun- 
damental transverse mode can be realized while at the 
same time forming a waveguide structure of a crystal 
layer low in defect density and high in quality. A semi- 
conductor laser operating with low threshold current and 
high efficiency can thus be produced. Also, a semicon- 
ductor laser device in a stripe extended in the direction 
of laser cavity is recommended, the shape of which is 
not of course limited. Further, a striped current-blocking 
layer and a layer for forming a refractive index differ- 
ence, which can be formed by etching a semiconductor 
layer, can alternatively be formed newly as an insulator 
having at least an opening. In such a case, the refractive 
index-guided structure can be easily realized by selec- 
tively growing a semiconductor layer using an insulator 
having a stripe pattern as a mask. 
[0043] Furthermore, in order to improve the crystallin- 
ity of the semiconductor layer constituting an optical 
crystal region, it is recommended that dummies be 
formed by selective crystal growth in such positions as 
to sandwich the optical crystal region. For the purpose 
of configuring a waveguide layer composed of a crystal 
layer of higher quality, for example, an insulator is used 
which has a dummy pattern on each side of a pattern 
(opening) for producing a waveguide structure by selec- 
tive growth. By doing so, the unusual growth is avoided 
in forming a waveguide at the central portion and thus 
the crystallinity and the geometric controllability of the 
particular waveguide are remarkably improved. Also, 
the threshold current and the operating efficiency of the 
device are further improved by a configuration in which 
current is prevented from being injected from the elec- 
trode formed on the waveguide into the crystal layers 
grown in the dummy pattern. 
[0044] The single-crystal substrate used for fabricat- 
ing a semiconductor optical device according to the 
present invention is not limited to the above-mentioned 
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sapphire substrate. The points to be noted in using a 
new single-crystal substrate in place of the sapphire 
substrate are described below. In the cas of using a 
single-crystal substrate of hexagonal wurtzite structure, 
for xample, the orientation of the substrate surfac is 
set to (0001 )C plane. When fabricating a stripe structure 
on this substrate, the insulator mask pattern is set in the 
direction perpendicular or parallel to the (1 1 -20)A plane 
of the substrate. In this way, individual waveguide crys- 
tal layers having a rectangular section can be coa- 
lesced, thereby making it possible to fabricate a single 
large waveguide structure easily by use of the selective 
growth technique. In the case of using a single-crystal 
substrate of a cubic zinc-blende structure, on the other 
hand, the orientation of the substrate surface is set to 
the (111) plane. When fabricating a stripe structure on 
this substrate, an insulator mask pattern is set in the di- 
rection perpendicular to the (110) plane or perpendicular 
to the (1 -1 0) plane of the substrate. A waveguide struc- 
ture having a crystal in the shape similar to the above- 
mentioned case can thus be fabricated. 
[0045] Various types of semiconductor optical devic- 
es according to the invention can be realized by employ- 
ing various shapes of the openings formed in the insu- 
lator constituting the base for homoepitaxial growth. 
First, by quantizing the width of the openings of the in- 
sulator one-dimensionally or two-dimensionally trans- 
versely of an active layer, an optical active layer is pro- 
duced with a quantum box structure or quantum wire 
advantageous for the operation of the laser device with 
low threshold current. Also, if a plurality of parallel 
striped openings are formed and the phase-matching 
conditions are appropriately regulated for the light gen- 
erated from each semiconductor layer (active layer) se- 
lectively grown between the stripes, then a semiconduc- 
tor device of a phased array structure can be configured 
thereby to achieve a high-output operation in fundamen- 
tal transverse mode. 

[0046] A semiconductor device according to the in- 
vention was described above taking a semiconductor 
optical device as an example. Nevertheless, the optical 
crystal region can be replaced with a region in which 
switchable carriers flow, thereby constituting a field ef- 
fect transistor, for example. In the case of a field effect 
transistor, a semiconductor layer making up what is 
called a channel for activating the carriers is desirably 
formed on an insulator. An even higher effect is pro- 
duced if the source region, the gate region, the drain 
region, etc. for this channel are formed on the insulator. 
The feature of an example of a preferable device con- 
figuration is that a source electrode, a gate electrode 
and a drain electrode are formed in juxtaposition on a 
uniform (openingless) amorphous and insulative region 
through a semiconductor region constituting a channel. 
This semiconductor device configuration is employed 
especially effectively for a high electron mobility transis- 
tor (HEMT) easily affected by the crystal defect density 
of the channel region. 
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[0047] Based on the above-mentioned result of exam- 
ination, the present inventors propose below a semicon- 
ductor device having a new configuration. The t rm 
"semiconductor region" herein, unless otherwise spec- 
5 ified, refers to th one formed of a nitride semiconductor 
material, preferably a compound semiconductor mate- 
rial having a hexagonal crystal structure. Both semicon- 
ductor materials were defined in detail in "Introduction". 
Also, the "insulative region" is defined as a body or a 
10 layer (film) made of a material having an amorphous 
structure and exhibiting an electrical insulation property, 
and unless otherwise specified, is assumed not to be 
formed with any opening (i.e. a region where another 
region having a crystal structure is exposed). Any ma- 
ts terial meeting these conditions can be used to form an 
insulative region. 

Semiconductor device 1 : This semiconductor device is 
formed with a semiconductor region making up an opti- 
cal system on an insulative region. The optical system 

20 represents the above-mentioned optical crystal region. 
With a laser device, a cavity structure for lasing is de- 
sirably arranged on the insulative region. This semicon- 
ductor device configuration can be employed for all of 
what are called semiconductor optical devices including 

25 a light-emitting diode (LED), a light transmission path 
and an optical modulator as well as for a semiconductor 
laser device. 

Semiconductor device 2: This semiconductor device is 
formed with a semiconductor region composed of sem- 

30 iconductor layers having different band gaps (energy 
gaps) on an insulative region. These semiconductor lay- 
ers constituting the semiconductor region include a first 
semiconductor layer and second semiconductor layers 
formed on and under the first semiconductor layer and 

35 having a larger band gap than the first semiconductor 
layer. The first semiconductor layer is used for injecting, 
confining or generating carriers. The second semicon- 
ductor layers, on the other hand, assist the first semi- 
conductor layer in injecting or confining carriers. This 

40 semiconductor region can be what is called a quantum 
well structure with the thickness of the first semiconduc- 
tor layer not more than the de Broglie wavelength or a 
multiple quantum well structure with the f irst and second 
semiconductor layers alternately formed in multiple 

45 stages. This device configuration is applicable also to a 
field effect transistor, a switching device and a logically 
operating device as well as to a semiconductor optical 
device. Also, the second semiconductor layers on and 
under the first semiconductor layer can have different 

50 compositions or different band gaps. This configuration 
is effective for realizing a field effect transistor, in which 
case the second semiconductor layer far from the gate 
electrode can be done without. 
[0048] When any one of the above-mentioned semi- 

55 conductor devices is fabricated in an existing semicon- 
ductor equipment, the above-mentioned insulativ re- 
gion can be formed on a region having a crystal struc- 
ture, i. ., on a crystal substrat or a crystal layer (film). 
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BRIEF DESCRIPTION OF DRAWINGS 

[0049] Fig. 1A is a diagram showing a longitudinal 
section (section taken in line A-A* in Fig. 1 B) of an device 
structure of a semiconductor laser device according to 
the present invention. 

[0050] Fig. 1 B is a diagram showing the upper surface 
of an insulator of the semiconductor laser device of in 
Fig. 1A. 

[0051] Fig. 2 is a diagram showing a unit crystal struc- 
ture of a hexagonal symmetry structure. 
[0052] Figs. 3A to 3E are diagrams chronologically 
showing the crystal growth by the crystal growth tech- 
nique 1 according to the invention. 
[0053] Figs. 4A to 4E are diagrams chronologically 
showing the growth of a GaN crystal on an amorphous 
insulator according to the basic concept of the invention. 
[0054] Figs. 5A to 5D are diagrams chronologically 
showing the crystal growth by the crystal growth tech- 
nique 2 according to the invention. 
[0055] Fig. 6A is a diagram for explaining a mass pro- 
duction process of semiconductor devices to which the 
crystal growth technique according to the invention is 
applied. 

[0056] Fig. 6B is a longitudinal sectional view of an 
example of a completed semiconductor device. 
[0057] Fig. 6C is a perspective view of another exam- 
ple of a completed semiconductor device. 
[0058] Fig. 7A is a diagram showing an example of a 
longitudinal section of a semiconductor optical device 
according to a first embodiment of the invention. 
[0059] Fig. 7B is a top plan view of an insulator mask 
formed in the device shown in Fig. 7A. 
[0060] Fig. 70 is a longitudinal sectional view of an- 
other example of a device. 

[0061] Fig. 8A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
a second embodiment of the invention. 
[0062] Fig. 8B is a top plan view of an insulator mask 
formed in the device shown in Fig. 8A. 
[0063] Fig. 8C is a longitudinal sectional view of an- 
other example of a device. 

[0064] Fig. 9A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
a third embodiment of the invention. 
[0065] Fig. 9B is a top plan view of an insulator mask 
formed in the device shown in Fig. 9A. 
[0066] Fig. 9C is a top plan view showing another ex- 
ample of an insulator mask. 

[0067] Fig. 1 0A is a longitudinal sectional view of an 

example of a semiconductor optical device according to 

a fourth embodiment of the invention. 

[0068] Fig. 1 0B is a top pi an view of an insulator mask 

formed in the device shown in Fig. 10A. 

[0069] Fig. 11 A is a longitudinal sectional view of an 

example of a semiconductor optical device according to 

a fifth embodiment of the invention. 

[0070] Fig. 1 1 B is a top plan view of an insulator mask 



formed in the device shown in Fig. 11 A. 
[0071] Fig. 12A is a longitudinal sectional view of an 
example of a s miconductor optical devic according to 
a seventh embodiment of the invention. 
s [0072] Fig. 1 2B is a top plan view of an insulator mask 
formed in the device shown in Fig. 12A. 
[0073] Fig. 13A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
an eighth embodiment of the invention. 
[0074] Fig. 13B is atop plan view of an insulator mask 
formed in the device shown in Fig. 13A. 
[0075] Fig. 1 3C is a longitudinal sectional view of an- 
other example of a device. 

[0076] Fig. 14A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
a ninth embodiment of the invention. 
[0077] Fig. 1 4B is a top plan view of an insulator mask 
formed in a device. 

[0078] Fig. 15A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
a tenth embodiment of the invention. 
[0079] Fig. 1 5B is a top plan view of an insulator mask 
formed in the device shown in Fig. 15A. 
[0080] Fig. 1 5C is a longitudinal sectional view of an- 
other example of a device. 

[0081] Fig. 16A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
an 11th embodiment of the invention. 
[0082] Fig. 1 6B is a top plan view of an insulator mask 
formed in the device shown in Fig. 16A. 
[0083] Fig. 1 6C is a longitudinal sectional view show- 
ing another example of a device. 
[0084] Fig. 1 7A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
a 12th embodiment of the invention. 
[0085] Fig. 1 7B is a top plan view of an insulator mask 
formed in the device shown in Fig. 1 7A. 
[0086] Fig. 1 7C is a longitudinal sectional view of an- 
other example of a device. 

[0087] Fig. 18A is a longitudinal sectional view of an 
example of a semiconductor optical device according to 
a 14th embodiment of the invention. 
[0088] Fig. 18B is a top plan view of an insulator mask 
formed in a device. 

[0089] Fig. 1 8C is a longitudinal sectional view of an- 
other example of a device. 

[0090] Fig. 19 is a photograph corresponding to Fig. 
3D taken under transmission electron microscope 
(TEM). 

[0091] Fig. 20 is a photograph corresponding to Fig. 
5C taken under scanning electron microscope (SEM). 

BEST MODE FOR CARRYING OUT THE INVENTION 

1 . Introduction 

[0092] First, explanation will be made about a semi- 
conductor crystal growth technique constituting a basic 
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concept of the present invention. The examination on 
the result of experiments on this technique was de- 
scribed in "Means for solving the problems". The knowl- 
dge about crystal growth obtained through these ex- 
periments will be described in detail below. 

<Crystal growth technique 1> 

[0093] First, a crystal growth technique according to 
the invention using existing crystal growth equipments 
will be explained with reference to the process flow of 
Figs. 3A to 3E. In the first step, a Si0 2 film is formed on 
the (0001 ) plane of a sapphire substrate 1 , for example. 
This step is performed by vapor phase growth using a 
monosilane gas and oxygen, for example. Specifically, 
a Si0 2 film is formed by vapor phase growth directly on 
the sapphire substrate. Then, a photoresist is coated on 
the surface of the Si0 2 film, and the region to be formed 
with openings is exposed to light in stripes and thus re- 
moved. Finally, the openings are formed by wet-etching 
the Si0 2 film using hydrofluoric acid (HF) etching solu- 
tion (etchant). These steps use a technique normally 
employed for a Si device and no drawings therefor are 
prepared. 

[0094] The third and subsequent steps will be ex- 
plained with reference to Figs. 3A to 3D. First, the sap- 
phire substrate 1 carrying the Si0 2 film 4 formed with 
an opening 40 (hereinafter called the Si0 2 film mask 4) 
in the second step is placed in a furnace for nitride sem- 
iconductor crystal growth. The latest model of this crys- 
tal growth furnace is described in JP-A-4-1 64895 (US 
Patent No. 5,334,277). The present inventors, however, 
employed an existing MOCVD equipment using one of 
raw gas supply lines for supplying ammonia gas. In the 
third step, the furnace pressure is set to a level approx- 
imate to the atmospheric pressure (760 Torr). An am- 
monia (NH 3 ) gas and a trimethyl gallium (TMG) gas 
were continuously supplied into the furnace at the rate 
of 2 to 5 liters (2 to 5 SLM) per minute and at the rate of 
about 1 0 cc per minute (1 0 seem), respectively. The sap- 
phire substrate set in the furnace was heated to the 
growth temperature of 1030°C. 
[0095] Figs. 3 A to 3C chronologically show the growth 
of a GaN crystal constituting a nitride semiconductor de- 
vice in the third step. First, microcrystals 50 of GaN are 
formed on the surface of the sapphire substrate in the 
opening 40 (Fig. 3A). The GaN microcrystal looks like a 
hexagonal column erected on the substrate. At this time 
point, the sapphire substrate is recovered from the fur- 
nace and observed under the scanning electron micro- 
scope (SEM). It was confirmed that the direction of c- 
axis is varied from one microcrystal to another. As al- 
ready described, the epitaxial growth of a nitride semi- 
conductor crystal proceeds along c-axis, and therefore 
different microcrystals 50 grow in different directions as 
indicated by arrows in Fig. 3A. 
[0096] Consequ ntly, with the progress of growth of 
microcrystals, th growing surfaces of crystals come to 



rub and bite each oth r. The result is that although a 
plurality of GaN crystals grown from the microcrystals 
are coalesced in the opening, a multiplicity of disloca- 
tions are caused by the stress exerted on the surfaces 

s and internal parts of the microcrystals thus coalesced 
(Fig. 3B). The GaN crystals grown this way in the open- 
ing have the crystal structure thereof defined by the 
atomic arrangement in the heterojunction interface with 
the sapphire substrate, and therefore is called a hetero- 

10 epitaxial region 51 for convenience' sake. 

[0097] When this heteroepitaxial region 51 grows to 
such an extent as to protrude out of the opening, the 
homoepitaxial growth of a GaN crystal begins along the 
upper surface of the Si0 2 film mask 4 with each side of 

'5 the heteroepitaxial region 51 along the edge of the open- 
ing 40 as a new growth interface (Fig. 3C). In other 
words, the GaN crystal formed on the upper surface of 
the SiO z film mask has a different growth mechanism 
from the crystals grown in and above the opening. The 

20 present inventors will refer to the regions formed on the 
Si0 2 film mask 4 as homoepitaxial regions 52 for con- 
venience 1 sake. The sectional view of Fig. 3C, as viewed 
from the upper surface side of the Si0 2 film mask 4, 
shows that un evennesses are formed at an angle of 

25 about 1 20° in the growth interface of the homoepitaxial 
region 52 (Fig. 3D). This stems from the fact that the 
heteroepitaxial region 51 grows in the form of hexagonal 
column. The time lag between the growth interfaces 
(sides of the hexagonal column) of the heteroepitaxial 

30 region 52 to protrude from the edge of the opening onto 
the upper surface of the Si0 2 film mask constitutes the 
difference of the time when the homoepitaxial regions 
52 begin to grow. This time lag is reflected in the shape 
of the growth interface of each homoepitaxial region. An 

55 idea for avoiding such unevennesses of the growth in- 
terfaces is forming the opening as a hexagonal column. 
This idea will be described later in related sections. 
[0098] The present inventors observed the GaN crys- 
tal fabricated in the above-mentioned steps under elec- 

40 tron microscope. It was discovered that the density of 
crystal defects in the homoepitaxial regions 52 is con- 
siderably lower than that in the heteroepitaxial region 51 
as described above. Fig. 1 9 is a photograph taken under 
the transmission electron microscope and corresponds 

« to Fig. 3D. The line running vertically at about the center 
of the photograph represents an edge of the opening of 
the Si0 2 film mask. This photo shows that a multiplicity 
of defects in the form of streaks exist only on the left 
side but not on the right side of the opening edge. Spe- 

50 cificalfy, the density of crystal defects is in the range of 
10 8 to 10 11 enrr 2 for the left region (the heteroepitaxial 
region 51 in Fig. 3D) and in the range of 1 0 4 to 1 0 5 enrr 2 
for the left region (the homoepitaxial regions 52 in Fig. 
3D). The coalescing of GaN crystals in the process of 

55 growth was confirmed also in the homoepitaxial region 
52. This phenomenon was observed when a plurality of 
openings were formed as parallel stripes. Even in the 
case where the growth interfac has unevennesses as 
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described above, however, the GaN crystals in the ho- 
moepitaxial regions were coalesced without inducing no 
substantial crystal defects, and the defect density of th 
junction was at most about 1 0 6 to 1 0 7 cm -2 . 
[0099] With regard to the above-mentioned new tech- 
nique of growing crystal for a nitride semiconductor us- 
ing the Si0 2 film mask 4, the inventors propose the proc- 
esses shown in (1 ) and (2) of Figs. 6A as a mass pro- 
duction engineering for a semiconductor device using a 
nitride semiconductor. Both of the methods utilize the 
crystal coalescence of the homoepitaxial regions 52. 
Specifically, Si0 2 film (or amorphous insulator) masks 
4 having a plurality of openings are formed on a sub- 
strate member 1 made of sapphire or a material having 
a crystal structure of a hexagonal system thereby to 
form a multilayer structure 55 composed of a nitride 
semiconductor. Figs. 6A to 6C show a semiconductor 
laser device as an example, which can alternatively be 
an optical switch or a field effect transistor with equal 
effect. In short, a region for performing the device oper- 
ation is formed on the homoepitaxial region by injecting 
carriers. For a device having a performance affected 
easily by a minor crystal defect, it is desirable to employ 
the configuration of (2) of Fig. 6A in which a region for 
device operation is formed on other than the upper sur- 
face of the crystal coalescing region on the masks 4. In 
both (1) and (2) of Fig. 6A, the dicing is effected in the 
direction of arrows after forming electrodes 10 thereby 
to produce a discrete semiconductor laser device as a 
unit shown in Fig. 6B. This semiconductor laser device 
is formed by stacking an optical waveguide layer 63 in- 
cluding a n-type Al 0 15 Gao 85 N layer and a n-type clad- 
ding layer 62 with n-type impurities doped into the ho- 
moepitaxial region (GaN layer) formed on the mask 4, 
an active layer 66 including an undoped InGaN multiple 
quantum well layer, an optical waveguide layer (not 
shown) made of p-type Al 0 15 Gao ggN, a capping layer 
68 of p-type GaN containing impurities higher in con- 
centration than the p-type cladding layer 65, and a p- 
side electrode 1 0. The carrier injection region in the ac- 
tive layer 66 thus is limited by a n-type GaN layer 67 
(containing impurities of the same level as the n-type 
cladding layer) formed by being buried in the p-type 
cladding layer 65. Specifically, in this device, the active 
layer under the region not formed with the n-type GaN 
layer 67 participates in the substantive device operation, 
and therefore this portion is displaced from the upper 
portion of the heteroepitaxial region, as obvious from (1 ) 
and (2) of Fig. 6A. In the mass production engineering 
shown in (1) and (2) of Fig. 6A, the substrate 1 is lapped 
and the lower surface of the n-type cladding layer is ex- 
posed before cutting out a discrete device. The n-side 
electrode 1 1 can thus be formed on the particular lower 
surface. The device structure shown in Fig. 6B repre- 
sents an example fabricated in this manner. 



<Crystal growth technique 2> 

[0100] Now, anoth r crystal growth technique based 
on the present invention will be xplained with reference 
5 to the process flow shown in Figs. 5A to 5D. This proto- 
type experiment was conducted in order to introduce 
Knowledge 5 described above. 
[0101] First, a Si substrate 100 is thermally oxidized 
in an oxygen environment thereby to form an amor- 
10 phousSi0 2 film 101 on the surface thereof. Then, in the 
first step, Ga atoms constituting a nucleus for the growth 
of a GaN film are formed on the Si0 2 film. As a means 
for executing the first step, a furnace having a sectional 
structure as shown in (1) of Fig. 5A is used. This furnace 
is has a plurality of gas-supplying nozzles arranged two- 
dimensionally in opposed relation to a holder (not 
shown) for mounting the Si substrate. The gas-supply- 
ing nozzles are arranged on one of two types of gas sup- 
ply lines. Also, two plates with an aperture are adapted 
to be inserted between the holder and the gas-supplying 
nozzles. This furnace having a unique arrangement of 
gas -supplying nozzles is called a furnace with shower 
head nozzles for convenience' sake. 
[0102] First, the interior of the furnace with shower 
head nozzles is purged by a nitrogen gas constituting 
an inert gas, and after thus setting the internal pressure 
of the furnace to about 760 Torr, the Si substrate 1 00 
with the surface thereof oxidized is placed therein. Then, 
two plates with an aperture are inserted between the Si 
substrate and the gas-supplying nozzles. In the proc- 
ess, the aperture of the upper plate is set in registry with 
the nucteation position of the Si0 2 film 101 , and the ap- 
erture of the lower plate is displaced out of registry with 
that of the upper plate. Under this state, a trimethyl gal- 
lium (TMG) gas is continuously supplied at the rate of 
10 seem from the upper supply line while at the same 
time sliding the lower plate in the direction indicated by 
arrow in (1) of Fig. 5A, thus instantaneously supplying 
the TMG gas onto the surface of the Si0 2 film 101 . As 
a result, a nucleus 53 composed of a droplet of Ga at- 
oms is formed only at the nucleation position on the sur- 
face of the Si0 2 film 101, thereby substantially prevent- 
ing the Ga atoms from being attached over the entire 
surface. 

[0103] In the second step, an ammonia (NH 3 ) gas is 
supplied at the rate of 2 to 5 SLM from the lower supply 
line. Then, the two plates with an aperture are removed. 
At the same time, the Si substrate 1 00 is heated to about 
1000°C by way of the holder (Fig. 5B). By so doing, a 
GaN crystal begins to grow about the position formed 
with the nucleus 53, and a crystal 54 in the form of hex- 
agonal column is formed on the Si0 2 film 1 01 (Fig. 5C). 
Fig. 20 is a photograph taken under the scanning elec- 
tron microscope (SEM) and corresponds to Fig. 5C. It 
is seen that the GaN single crystal formed on the Si0 2 
film 101 is in the shape of hexagonal column. 
[0104] At this juncture, the inventors propose to sus- 
pend the crystal growth before the crystal 54 cov rs the 
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whole surface of the Si0 2 film 101 , to etch the surface 
portion of the Si0 2 film 101 not formed with the crystal 
54 and thereby to form another semiconductor device 
mad of a Si multiple stacked structure. According to 
this technique, a device compos d of the multilayer 
structure 55 of a nitride semiconductor and a driver cir- 
cuit 70 for the device can be formed monolithically on 
the same Si substrate 100, as shown in Fig. 6C. A con- 
ductive semiconductor layer constituting the driver cir- 
cuit 70 is formed in such a manner as to be coupled with 
the n-type semiconductor layer located at the lower part 
of the multilayer structure 55 (not shown), and a bonding 
member 71 is formed between the driver circuit 70 and 
the p-side electrode 10 located at the upper part of the 
multilayer structure 55, thereby realizing a hybrid device 
such as a semiconductor laser module. 
[0105] In the second step, the crystal 54 is grown to 
a largest possible size on the surface of the Si0 2 film 
1 01 (within the range not displaced out of the surface). 
After that, in the third step, the Si0 2 film 101 is melted 
by a HF etchant thereby to separate the crystal 54 and 
the Si substrate 1 00 from each other. As a result, a new 
substrate member composed of GaN single crystal is 
realized. This substrate member is lower in crystal de- 
fect density than SiC which is considered as the best 
material of a substrate for epitaxial growth of a nitride 
semiconductor. Consequently, the GaN substrate pro- 
duced in the third step is superior to SiC in terms of lat- 
tice matching and prevention of dislocation in the proc- 
ess of fabricating a nitride semiconductor device. 
[01 06] An example of a semiconductor device formed 
using this substrate member is shown in Fig. 6B. The 
specification of this device is substantially identical to 
that of the semiconductor laser device described in 
"Crystal growth technique 1" above. This technique is 
different, however, in that a n-type cladding layer 62 
doped with n-type impurities is composed of a GaN sub- 
strate doped with n-type impurities. In the case where a 
nitride semiconductor layer is epitaxially grown on a 
GaN substrate in this way, the lattice matching is easily 
secured between the stacked semiconductor layers. At 
the same time, even in the case of configuring a pseu- 
domorphic device which exerts a compressive strain 
and a tensile strain on the semiconductor layer making 
up an optical crystal region, the defects due to the intro- 
duction of a lattice-mismatched layer can be easily sup- 
pressed. 

[01 07] The above-mentioned first step can also be ex- 
ecuted by applying an ion beam, for instance. An exam- 
ple will be described with reference to (2) of Fig. 5 A. A 
Si substrate 100 with an amorphous Si0 2 film 101 
formed on the surface thereof is placed on a secondary 
ion mass spectrometer (SIMS), and Ga ions are irradi- 
ated on the surface of the Si0 2 film with an acceleration 
voltage of 1 kV and a dose of 1 x 10 13 ions/cm 2 . The 
SIMS employed in this case is generally called a static 
SIMS which is used for measuring the first atomic layer 
andth adsorbed layer on specim n surface. This SIMS 



irradiates ions having a current density of 10' 5 to 10* 3 
mA/cm 2 with an energy of 0.5 to 5 keV. Still another type 
of SIMS is available in which ions with a current density 
of 1 to 1 00 mA/cm 2 are irradiated with an energy of 5 to 
s 30keV.Th latter quipment is used to sputter the spec- 
imen surface by ion irradiation and therefore is not suit- 
able for forming a nucleus on the Si0 2 film. 
[0108] For irradiating Ga ions on the surface of the 
Si0 2 film, the ion beam diameter was reduced by an ion 
10 optical system to 1 0 nm (1 00 A) when reaching the sur- 
face of the Si0 2 film. The ions are irradiated for about a 
second. The irradiation time was regulated by deflecting 
the ion beam by a beam deflector mounted in the ion 
optical system. After forming the nucleus 53 composed 
*5 of Ga atoms on the surface of the Si0 2 film in this way, 
the Si substrate 100 was recovered from the SIMS and 
transferred to the furnace with shower head nozzles to 
enter the second step. In the process, the furnace inte- 
rior was purged by nitrogen (N 2 ) constituting an inert 
gas, and the plates with aperture were removed. After 
placing the Si substrate in the furnace with shower head 
nozzles, a trimethyl gallium (TMG) gas was supplied 
from the upper supply fine at the rate of 10 seem, and 
an ammonia (NH 3 ) gas from the lower supply line at the 
rate of 2 to 5 SLM. At the same time, the Si substrate 
100 was heated to about 100°C by way of the holder 
(Fig. 5B). The subsequent process is identical to that for 
the second step. 

[01 09] The above-mentioned method of forming a nu- 
cleus with an ion beam used the static SIMS. Any other 
equipment, however, can be used which is capable of 
irradiating an ion beam with the same amount of current 
and the same amount of energy (acceleration voltage). 
As compared with a method using the furnace with 
shower head nozzles in the first step, the method of 
forming a nucleus with an ion beam requires the addi- 
tional process of transferring the Si substrate from the 
ion beam irradiation unit to the furnace with shower head 
nozzles (or a crystal growth furnace). Nevertheless, the 
latter method is more advantageous in that a nucleation 
region can be set arbitrarily and in that the plates with 
an aperture are not required forthe furnace with shower 
head nozzles (i.e., the configuration of the furnace for 
crystal growth is simplified). 

2. Application to semiconductor devices 

[0110] A method of fabricating a semiconductor de- 
vice using the crystal growth technique according to the 
invention described in "Introduction" above will be de- 
scribed in more detail below with reference to embodi- 
ments. Each embodiment will be explained using a sem- 
iconductor laser device constituting one of semiconduc- 
tor optical devices as a model. 

<Embodlment 1> 

[0111] A semiconductor device according to an em- 
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bodiment of the present invention will be described with 
reference to Figs. 7A and 7B. In Fig. 7A, a GaN buffer 
layer 2 and a n-type GaN optical waveguide layer 3 are 
grown as crystal by metal organic vapor phase epitaxy 
on a sapphire (a-AI 2 0 3 ) single-crystal substrate 1 hav- 
ing a (0001 )C plane, for example. After that, a pattern 
(of openings) 40 having at least two striped window re- 
gions is formed for the insulator masks 4 as shown in 
Fig. 7B. In the process, the insulator masks are striped 
in the direction parallel to the (1 1 -20) A plane of the sap- 
phire substrate 1 . Then, a n-type GaN optical waveguide 
layer 5 is selectively grown in each of the two window 
regions formed by the insulator mask patterns 4. The 
resulting two layers 5 are coalesced transversely into a 
flat, rectangular single n-type GaN optical waveguide 
layer 5 over the central insulator mask. Then, a com- 
pressive-strained multiple quantum well active layer 6 
including an AIGaN separate confinement heterostruc- 
ture layer, a GaN quantum barrier and a GalnN com- 
press ive-strained quantum well, a p-type GaN optical 
waveguide layer 7 and a p-type GalnN contact layer 8 
are formed in that order. Next, insulator masks 9 are 
formed by lithography, and a pattern of the p-side elec- 
trode 10 and the n-side electrode 11 is deposited by 
evaporation. Finally, the surface of a cavity is cut off by 
cleaving the assembly in the direction perpendicular to 
the stripes, and a device is scribed off. In this way, a 
longitudinal section of the device (section taken in line 
B-B* in Fig. 7B) shown in Fig. 7A is produced. 
[0112] According to this embodiment, a gain-guided 
structure can be produced by regulating the width of 
each insulator mask and the width of each window re- 
gion and thus by setting the width of the active layer on 
the optical waveguide layer 5 to not less than 5 u.m. Also, 
a refractive index-guided structure with a buried heter- 
ostructure can be produced by setting the width of the 
active layer in the range of 1 to 3 u.m in similar fashion. 
In this technique, the crystal defect density was in about 
the same range of 1 0 9 to 1 0 1 Vein 2 as in the conventional 
method in the window regions of the insulator masks for 
selective growth. On the insulator masks, however, ho- 
moepitaxial growth could be realized and the crystal de- 
fect density thereby could be reduced to the range of 
1 0 4 to 1 0 5 /cm 2 or less. In this device structure, the cur- 
rent blocking is effected by an insulators 9. Further, 
when viewed transversely of the active layer 6, the in- 
ternal optical loss is considerably varied between the 
central region of the active layer 6 and the outer regions 
of the active layer above the insulator masks. It follows, 
therefore, that the laser beam is guided also with a loss 
thereby to restrict the propagation region. In the device 
having the refractive index-guided structure with a bur- 
ied heterostructure according to this embodiment, an 
operation with lower threshold current can be achieved 
than the device having the gain-guided structure. The 
threshold current can be reduced to 1/3 to 1/4 as com- 
pared with the devic having the gain-guided structur . 
This device also performs the lasing operation with low- 



er threshold current and higher efficiency than the con- 
ventional device formed by bulk growth, and has a lasing 
wavelength in the range of 41 0 to 430 nm at room tem- 
perature. 

5 [0113] A variation of the present embodiment will be 
explained with reference to Fig. 70 (sectional view taken 
in line B-B' in Fig. 7B). The process for fabricating the 
device and the pattern of the insulator masks 40 are sub- 
stantially identical to those described above. After grow- 
10 ing up to the p-type contact layer 8, however, a ridge 
stripe is formed on the p-type optical waveguide layer 7 
by lithography and etching. In the process, the bottom 
width of the ridge stripe is set to the range of 3 to 7 urn. 
Further, a buried layer 1 2 is formed on each side of the 
15 ridge stripe. This buried layers 1 2 can be formed either 
as n-type Ga current-blocking layers by selective growth 
using an insulator or directly as a dielectric insulator. The 
process for forming the insulators 9 and the electrodes 
1 0, 1 1 is the same as described above, with the result 
that the vertical sectional view of the device shown in 
Fig. 7C is obtained. 

[01 1 4] The configuration shown in Fig. 7C has a ridge 
stripe structure for injecting currents only at the central 
region of low defect density and low optical loss in the 
optical active layer. It is therefore possible to attain ef- 
fective current injection and stable refractive index dis- 
tribution. As a result, a threshold current value was ob- 
tained equal to or lower than that of the refractive index- 
guided structure with buried heterostructure shown in 
Fig. 7A. This device performs the lasing operation with 
low threshold current and high efficiency, and the lasing 
wavelength thereof at room temperature is in the range 
of 410 to 430 nm. 

<Embodiment 2> 

[0115] A semiconductor device according to another 
embodiment of the invention will be described with ref- 
erence to Figs. 8 A and 8B. The device is fabricated in 
a way similar to the first embodiment, except that in ad- 
dition to the insulator masks for the waveguide structure 
according to the first embodiment, dummy patterns are 
used to form a pattern (openings 40) of the insulator 
masks 4 shown in Fig. 8B. The width and interval of the 
insulator masks are set in such a way as to prevent the 
crystal layers grown on the dummy patterns from being 
coalesced with the crystal layer of the waveguide 
formed at the central portion. Also, the insulators 9 are 
covered for preventing a current from flowing in the crys- 
tal layers grown on the dummy pattern (openings on the 
sides). In the remaining points, the same process is per- 
formed as in the first embodiment to produce the vertical 
sectional view of the device shown in Fig. 8A (the sec- 
tional view taken in line C-C in Fig. 8C). 
[0116] According to this embodiment, crystal layers 
constituting dummies are formed on the waveguide 
structure of the first mbodiment for improving the qual- 
ity and geometry of th crystal layer formed on the cen- 
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tral waveguide. Unusual growth and unstable growth 
rate were thus obviated and a rectangular optical 
waveguide having flat and smooth upper and side sur- 
faces could beformed without considerably affecting the 
conditions for crystal growth outsid of the dummy pat- 
tern. As a result, the laser beam can be guided with low- 
er loss, and the semiconductor device can be operated 
with lower threshold current and higher efficiency. It be- 
came thus possible to reduce the threshold current to at 
least 2/3 to 1/2 as compared with the first embodiment. 
This device performs the lasing operation in the lasing 
wavelength of 410 to 430 nm at room temperature. 
[0117] Fig. 8C is a sectional view (the section taken 
in line C-C in Fig. 8 B) of a variation of the present em- 
bodiment. This device is fabricated through substantial- 
ly the same process as the device shown in Fig. 8A. The 
difference lies, however, in that after forming the layer 
8, buried layers (such as current-blocking layers) 12 are 
formed like in the device shown in Fig. 7C, Further, in- 
sulators 9 are covered in order to prevent a current from 
flowing in the crystal layers grown on the dummy pat- 
tern. As compared with the device in Fig. 7C, the device 
shown in Fig. 8C makes it possible to improve the quality 
and geometry of the crystal layer formed on the central 
waveguide. The threshold current can also be reduced 
at least to 2/3 to 1/2 of the threshold current for the de- 
vice shown in Fig. 70. This device performs the lasing 
operation with the lasing wavelength in the range of 41 0 
to 430 nm at room temperature. 

<Embodiment 3> 

[0118] A semiconductor device according to still an- 
other embodiment of the invention will be described with 
reference to Figs. 9A and 9B (Fig. 9A is a sectional view 
taken in line D-D' in Fig. 9B). The device is formed by 
crystal growth in the same manner as the second em- 
bodiment shown in Fig. 8C. The pattern (openings 40) 
of the insulator mask 4, however, is not striped as shown 
in Fig. 9B, but includes a plurality of rectangular open- 
ings (window regions) arranged two-dimensionally at 
predetermined intervals. According to this embodiment, 
as compared with the fourth embodiment, the crystal de- 
fect density of the optical active layer 6 at the central 
portion of the waveguide could be reduced further. The 
stripe structure for guiding the laser beam is formed in 
the central region of the active layer corresponding to 
the portion on the central insulator mask to block the 
currents. The crystal defect density, however, is desira- 
bly small over the entire optical active layer. For this pur- 
pose, it is effective to increase the proportion of which 
the area where homoepitaxial growth is possible repre- 
sents of the whole area of the active layer. In fabricating 
the waveguide structure atthe central portion, therefore, 
the proportion of the area occupied by the rectangular 
window regions in the insulator mask for selective 
growth is reduced as far as possible. This device, as 
compared with the device of Fig. 8C, can reduce the 



crystal defects of th optical activ layer and the optical 
waveguide layer, and therefore, can assure an opera- 
tion with still lower threshold current and still higher ef- 
ficiency. The threshold current was reducedto 1/2 to 1/3 
s ascompar d with the device of Fig. 8C. This devic per- 
forms the lasing operation with the lasing wavelength in 
the range of 41 0 to 430 nm at room temperature. 
[0119] A variation of this embodiment will be ex- 
plained with reference to Fig. 9C. In this example, the 
w section taken in line D-D' of the device is similar to that 
in Fig. 9A, but the pattern of the openings 40 of the in- 
sulator mask 4 is different. Specifically, a pattern of rec- 
tangular openings is formed on the two sides for dummy 
crystal growth, whereas a pattern of openings in the 
15 shape of equilateral hexagon are formed for selective 
growth corresponding to the central waveguide struc- 
ture. 

[0120] The shape of the openings will be briefly de- 
scribed. According to this embodiment, the openings 
(also called the window regions) in the insulating film 4 
for exposing the surface of the crystal region constituting 
a base are shaped in quadrangle such as square or rec- 
tangle or in hexagon including equilateral hexagon, and 
arranged at predetermined regular intervals. As a result, 
the crystal layers that have grown out of adjacent open- 
ings toward each other by homoepitaxial growth on the 
insulator are easily coalesced with each other on the 
particular insulator thereby to form a single optical 
waveguide or a single optical active layer. Especially, a 
nitride semiconductor material constituting a lll-V sem- 
iconductor having a hexagonal symmetry structure epi- 
taxially grows while maintaining the form of hexagonal 
column in each opening. Therefore, the interface where 
each homoepitaxial growth starts on the insulator is also 
formed as a side of the hexagonal column. 
[0121] With the insulator mask 4 shown in Fig. 9C re- 
flecting the property of growth of the hexagonal crystal 
system, the crystal layers grown in the openings (win- 
dow regions) in the shape of equilateral hexagon are 
easily coalesced with each other, thereby considerably 
reducing the chance of crystal defects developing at the 
junctions thereof. As a result, the crystal defect density 
of the optical active layer and the optical waveguide lay- 
er making up the central waveguide structure is reduced 
below that of the device employing the insulator mask 
of Fig. 9B. Thus, as compared with the insulator mask 
of Fig. 9B, an operation with low threshold current and 
high efficiency becomes possible with the threshold cur- 
rent being decreased to the range of 2/3 to 1/2. This 
device also performs the lasing operation with the lasing 
wavelength in the range of 41 0 to 430 nm at room tem- 
perature. 

Embodiment 4> 

[0122] Yet another embodiment of the invention will 
be described with referenc to Figs. 10A and 10B. The 
device is fabricated in a similar manner to the second 
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embodiment. As shown in Fig. 1 0B, however, a pattern 
of openings 40 of the insulator masks 4 ar arranged in 
juxtaposition to form a central waveguide structure in an 
array of stripes. As a result, the central waveguide struc- 
ture of the second embodiment is formed in a plurality 5 
of stripes arranged in parallel thereby to make up a 
phased array waveguide structure. Fig. 1 0A is a sec- 
tional view taken in line E-E' in Fig. 10B. 
[01 23] According to this embodiment, the laser beam 
that has propagated to three central waveguides can be 10 
output in a fundamental mode satisfying the phase 
matching conditions. Thus, an operation of higher out- 
put is realized than in the first to third embodiments, and 
an output is at least three to five times as high as the 
maximum optical output produced in the second embod- *5 
iment. This device performs the lasing operation with the 
lasing wavelength in the range of 41 0 to 430 nm at room 
temperature. 

<Embodiment 5> 20 

[0124] A further embodiment of the present invention 
will be explained with reference to Figs. 11 A and 11 B. 
This device is fabricated in a substantially similar man- 
ner to the first embodiment. In this embodiment, how- 25 
ever, the first step taken is to form a GaN buffer layer 2, 
an undoped GaN layer 13, a high reflective DBR (Dis- 
tributed Bragg Reflector) mirror 14 of undoped GalnN/ 
AIGaN, and a n-type GaN optical waveguide layer 3, for 
example, by crystal growth on the substrate 1 . Further, 30 
as shown in Fig. 11 B, the device includes insulator 
masks in the shape of equilateral hexagon and window 
regions arranged around the peripheries of the insulator 
masks. Then, after forming up to the layer 8 as in the 
first embodiment, a high reflective DBR mirror 1 5 of un- 35 
doped GalnN/AIGaN is grown selectively. The high re- 
flective DBR mirror 1 5, like the high reflective DBR mir- 
ror 1 4, is formed of a plurality of GalnN layers and AIGaN 
layers stacked alternately to constitute a mufti layer 
structure. 40 
[0125] In fabricating a semiconductor laser device 
having a vertical cavity structure (as defined later) as in 
the present embodiment, the element composition (Ga: 
In or AI:Ga) of at least one of the GalnN layer and the 
AIGaN layer of the high reflective DBR mirrors 14, 15 is & 
preferably changed thereby to differentiate the overall 
reflectivity of each multilayer structure. In the present 
embodiment with the upper surface of the high reflective 
DBR mirror 15 as an emission end of the laser beam, 
for example, the reflectivity of the high reflective DBR so 
mirror 1 5 is preferably lower than that of the high reflec- 
tive DBR mirror 1 4. Also, in the case where the active 
layer 6 has a strained quantum well structure or a 
strained supertattice structure, the high reflective DBR 
mirror 14 can also be used for stress compensation of 55 
the buffer layer 2 and the active layer 6 formed on the 
substrate. 

[0126] Let us r turn to th process for fabricating a 



semiconductor laser device. 

[0127] After a ridge stripe is formed by etching off the 
layers 15, 8 and 7, the layer 12 is buried to form the 
insulator 9. The high reflective DBR mirror 15 located 
above is form d as a dielectric high reflective DBR mir- 
ror and etched as shown in Fig. 11 A after forming the 
insulator 9. A p-side electrode and a n-side electrode 
are then deposited by evaporation, and a cavity mirror 
is fabricated by cleaving in the direction perpendicular 
to the stripe. The device is separated by being scribed 
there to produce the vertical section of the device shown 
in Fig. 11 A (the section taken in line F-P in Fig. 11 B). 
[0128] According to the present embodiment, a 
waveguide can be formed on the central insulator mask 
by a crystal layer in the shape of equilateral hexagon 
having a flat and smooth upper surface. An optical active 
layer is formed on this optical waveguide, thereby pro- 
ducing a vertical cavity structure for surface emitting (a 
cavity structure for lasing formed in the direction sub- 
stantially perpendicular to the main surface of the sub- 
strate 1). The semiconductor laser device according to 
this embodiment has a functional feature of generating 
a laser beam in the direction perpendicular to the main 
surface of the substrate 1 . In this respect, the present 
embodiment is different in configuration from the semi- 
conductor laser device according to the first to fourth 
embodiments described above in which a cavity struc- 
ture for lasing is formed substantially in parallel to the 
main surface of the substrate 1 . In this device, the re- 
flectivity of the end surface (the upper surface of the high 
reflective DBR mirror 1 5) can be set stably at a high val- 
ue of not less than 95 to 99 % due to the provision of 
the high reflective DBR mirror 1 5. As compared with the 
devices shown in the first to fourth embodiments (having 
a laser emitting end surface on the side of the active 
layer), the present embodiment can minimize the 
threshold current. In fact, the threshold current can be 
reduced at least to 1/1 0 to 1/30 that for the device of the 
third embodiment. The device according to this embod- 
iment performs the lasing operation with the lasing 
wavelength in the range of 41 0 to 430 nm at room tem- 
perature. 

<Embodiment 6> 

[0129] A yet further embodiment of the invention will 
be explained. According to this embodiment, in place of 
a sapphire (a-AI 2 0 3 ) substrate, a substrate 1 is made 
of n-type silicon carbide (ct-SiC) having a hexagonal 
symmetry structure with the substrate surface orienta- 
tion in the (0001 )C plane, and a n-type buffer layer is 
formed on the substrate of n-type silicon carbide. The 
device structure is fabricated in the same process as 
that of the first to seventh embodiments, thereby pro- 
ducing a section of the device. 
[0130] According to this mbodiment, the substrate 
has a conductivity. Therefor , the substrate can b 
mounted in such a manner that the n-side lectrode is 
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deposited by evaporation on th lower surfac thereof 
having a junction formed by crystal growth. In this way, 
current can be supplied to the n-side electrode on the 
lower surface of the substrate from the p-side electrod 
on the upper surfac of the substrate through a nitrid 
semiconductor. The heat radiation can thus be remark- 
ably improved. This embodiment can produce a laser 
device which operates at a higher temperature than the 
other embodiments. This device performs the lasing op- 
eration with the lasing wavelength of 410 to 430 nm at 
room temperature. 

<Embodiment 7> 

[0131] Still another embodiment of the invention will 
be described with reference to Figs. 12A and 12B. This 
embodiment, though geometrically similar to the semi- 
conductor device described with reference to the first to 
fourth embodiments, discloses a configuration suitable 
for securing a large width of an active layer. 
[0132] In Fig. 12A, a GaN buffer layer 2 and a n-type 
GaN optical waveguide layer 3 are formed with crystal 
grown by the metal organic vapor phase epitaxy on a 
sapphire (a-AI 2 0 3 ) single-crystal substrate 1 having the 
(0001 )C plane, for example. After that, a pattern of rec- 
tangular window regions 40 of an insulator mask 4 are 
formed in grid by lithography and etching. In the proc- 
ess, the insulator mask 4 having the window regions is 
set with the longitudinal direction thereof perpendicular 
to the (11 -20)A plane of the 01-AI2O3 substrate 1 . Then, 
a n-type GaN optical waveguide layer 5 is formed by 
continuing selective crystal growth in each window re- 
gion until the crystals thus grown are coalesced trans- 
versely into a single flat optical waveguide layer. Imme- 
diately after that, acompressive-strained multiple quan- 
tum well active layer 6 including an AIGaN separate con- 
finement heterostructure layer, a GaN quantum barrier, 
a GalnN quantum well, and a p-type GaN optical 
waveguide layer 7 are formed in that order. Then, an 
insulator mask 8 is formed by lithography. Further, a pat- 
tern of a p-type electrode 1 0 and a n-type electrode 1 1 
is deposited by evaporation. Finally, a cavity mirror is 
fabricated by cleaving in the direction perpendicular to 
the waveguide stripe, and the device is scribed off there- 
by to produce a longitudinal section of the device shown 
in Fig. 12A (the section G-G* in Fig. 12B). 
[0133] The present embodiment can provide a trans- 
versely gain-guided waveguide structure by increasing 
the overall width of the insulator mask in grid and setting 
the optical active layer to not less than 5 urn On the 
other hand, the present embodiment can provide a re- 
fractive index-guided structure with a buried heter- 
ostructure by decreasing the overall width of the insula- 
tor mask and setting the optical active layer in the range 
of 1 to 3 u,m. This method improves the density of three- 
dimensional nucleation and can promote the transverse 
coalescence of crystal lay rs in the first step, thereby 
making it possible to form the optical waveguide 5 hav- 



ing a flat and smooth surfac . Also, the continued se- 
lective growth can form an optical active layer and an 
upper waveguide layer composed of a crystal layer flat 
and higher in quality than in the method employing the 

s bulk growth on the upper flat surface of the optical 
waveguide 5. An optical waveguide structure of low op- 
tical loss can thus be produced. This device performs 
the lasing operation with lower threshold current than 
the device formed by the conventional method of bulk 

10 growth, and the lasing wavelength thereof at room tem- 
perature is in the range of 41 0 to 430 nm. 

Embodiment 8> 

'5 [0134] A still further embodiment of the invention will 
be explained with reference to Figs. 13A and 13B. The 
device is fabricated in a similar manner to the seventh 
embodiment, but is different in that a pattern of rectan- 
gular window regions (openings) 40 of an insulator mask 
4 shown in Fig. 1 3B are staggered between different col- 
umns. 

[0135] By displacing the pattern of the openings 40 by 
one half period between adjacent columns as in the in- 
sulator mask 4 according to the present invention, coa- 
lescence is promoted between the crystal layers ho- 
moepitaxially grown onto the upper surface of the insu- 
lator from each end of adjacent openings, thereby mak- 
ing it possible to form a uniform and flat semiconductor 
layer. Further, if the openings are miniaturized, a larger 
width between the window regions can be secured and 
increases the area of the homoepitaxially grown flat lay- 
er in the desired shape. 

[0136] According to this embodiment, it is possible to 
produce an optical waveguide layer 5 having a more flat 
and smoother upper surface than in the seventh embod- 
iment. Further, a waveguide structure with a buried het- 
erostructure can be formed with an upper waveguide 
layer and an optical active layer constituting a flat and 
high-quality crystal layer on the optical waveguide layer 
5. As a result, the threshold current can be reduced to 
at least one half or less of the threshold current for the 
first embodiment. 

[0137] A variation of this invention will be explained 
with reference to Fig. 13C. This example is different in 
that each window region of the insulator mask 4 is in the 
shape of equilateral hexagon. Crystal layers in the 
shape of equilateral hexagon staggered between col- 
umns are selectively grown in the window regions in the 
shape of equilateral hexagon of the insulator mask, and 
can be easily coalesced with each other into a flat single 
optical waveguide layer. Consequently, an optical 
waveguide layer 5 has an upper surface more flat and 
smoother than that of the device using the insulator 
mask shown in Fig. 13B. Further, a waveguide structure 
with a buried heterostructure including an upper 
waveguide layer and an optical active layer composed 
of flat, high-quality crystal layers could be form d on th 
optical waveguide layer 5. As a result, thethr shold cur- 
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rent could be reduced at least to one fourth of the thresh- 
old current in the seventh embodiment. 
[0138] Fig. 13A shows a section taken in line H-H' in 
Fig. 13B or 13C. 

<Embodiment 9> 

[0139] A still further embodiment of the invention will 
be described with reference to Figs. 1 4A and 14B. This 
device is fabricated in a similar fashion to that of the 
eighth embodiment. As shown in Fig, 14B, however, the 
columns of openings at the extreme ends of the insulator 
mask 4 are formed as a dummy pattern for selective 
growth. The dummy pattern and the pattern of three cen- 
tral columns of openings are spaced appropriately from 
each other in order that the crystal layers formed on 
them may not coalesce with each other. At the same 
time, the optical waveguide layers 5 on the central pat- 
tern of three columns are coalesced into a single optical 
waveguide layer, on which a layer 6 is formed as a single 
optical active layer structure. The crystal layers grown 
on the dummy pattern are covered with an insulator not 
to be supplied with a current. In the remaining points, 
exactly the same process is followed as in the third em- 
bodiment. A longitudinal section of the device shown in 
Fig. 1 4A (the section taken in line J-J' in Fig. 1 4B) is thus 
obtained. 

[0140] The present embodiment can produce an op- 
tical waveguide layers having a more flat and smoother 
upper surface than the device of the eighth embodiment 
employing the insulator mask shown in Fig. 13C. Fur- 
ther, an upper waveguide layer and an optical active lay- 
er made of a flat, high-quality crystal layer can be formed 
on the optical waveguide layer 5. As a result, the thresh- 
old current can be reduced at least to 2/3 to 1/2 that for 
the device of the eighth embodiment employing the in- 
sulator mask shown in Fig. 13C. 

<Embodiment 10> 

[0141] Another embodiment of the present invention 
will be explained with reference to Figs. 15A and 15B. 
This device is fabricated through a similar process to the 
ninth embodiment, except that as shown in Fig. 15B, the 
columns of openings atthe extreme ends of the insulator 
mask 4 are formed as a dummy pattern for selective 
growth. Also, the interval between the columns of the 
insulator masks is adjusted in such a manner that the 
crystal layers formed on the central pattern of three col- 
umns as optical waveguide layers 5 are not coalesced 
with each other, so that the optical active layers are not 
coalesced with each other transversely between differ- 
ent columns but between the window regions within 
each column. As a result, stripes of crystal layers con- 
nected in each column are formed thereby to produce 
a waveguide structure in phased array. The crystal lay- 
rs grown on the dummy pattern of the columns at ex- 
treme ends are covered with an insulator not to b sup- 



plied with a current. Fig. 15A shows a section taken in 
line K-K' in Fig. 15B. 

[0142] According to this embodim nt, an operation in 
fundamental mode satisfying the phase matching con- 
s ditions is possibl for the waveguides in the three central 
columns. Consequently, an operation is realized with a 
higher output than in the seventh to ninth embodiments. 
An output is at least three times higher than the maxi- 
mum optical output obtained in the ninth embodiment. 
10 Also, the pattern width of the insulator mask was re- 
duced, so that a quantum wire could be formed and ar- 
ranged in array transversely by quantization in the di- 
rection perpendicular to the stripes. 
[0143] A variation of this embodiment will be ex- 
*5 plained with reference to Fig. 15C, This device is fabri- 
cated in a similar manner to the case of Fig. 15 A. The 
only difference lies in that the crystal layers 5 to 7 formed 
on the central pattern of three columns of openings in 
the insulator mask 4 are not coalesced with each other. 
As a result, the crystal layers extending along the length 
of cavity for lasing (in vertical direction in Fig. 15B) are 
never connected to each other. In other words, three in- 
dependent microwaveguides can be formed in parallel. 
In the case where the width of the microwaveguides is 
reduced somewhat, the carriers injected into these 
waveguides are quantized in the direction perpendicular 
to the length of cavity. Also, the crystal layers grown on 
the dummy patterns at the extreme ends are covered 
with an insulator in order not to be supplied with current. 
[0144] In the device shown in Fig. 15C, the waveguide 
structure of the window regions making up each of the 
three central columns includes an optical waveguide 
layer perpendicular to the corresponding substrate sur- 
face and forms a multiple cavity mirror. Therefore, the 
operation in single longitudinal mode with small wire 
width is possible unlike in the device of Fig. 15A. Also, 
the device of Fig. 15C constitutes a phased array and 
operates in fundamental mode satisfying the phase- 
matching conditions. As a consequence, like the device 
of Fig. 1 5 A, the device of Fig. 1 5C can produce an output 
at least three times as high as the maximum optical out- 
put of the ninth embodiment. Also, in the case where the 
pattern width of the insulator mask 4 is reduced (i.e. , the 
area of each opening 40 is reduced) and the crystal lay- 
ers 5 to 7 are isolated from each other by the insulators 
9 in the direction perpendicular to the length of cavity, 
then it is possible to produce quantum boxes by quan- 
tization in the direction along the cavity length. In this 
case, an device can be realized with a plurality of quan- 
tum boxes arranged two-dimensionally (in grid) on the 
substrate 1 . 

Embodiment 11> 

[01 45] The configuration of the semiconductor device 
described with reference to the embodiments from the 
present embodiment to the 14th embodiment is based 
on the architecture of forming amorphous insulating lay- 
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ers in a plurality of stages on a region (such as a sub- 
strate) having a crystal structure. Each insulating layer 
is formed with at least an op ning, and the above-men- 
tioned selective growth of a nitride semiconductor is re- 
peated as many times as the stages of the insulating 
layers. The openings of the insulating layers are desir- 
ably staggered in such a manner that the openings of 
the insulating layer in the x-th stage as viewed from 
above, for example, is rendered invisible from the insu- 
lating layer in the (x+1 )th stage. The object of this archi- 
tecture is to sharply reduce the crystal defect density in 
the nitride semiconductor layer formed on the topmost 
insulating layer by repeating such a selective growth. 
[0146] The embodiments including the present em- 
bodiment to the 14th embodiment refer to a semicon- 
ductor laser device, in which insulating layers are 
formed in two stages on a crystal substrate, and an op- 
tical crystal region is formed in the nitride semiconductor 
layer on the second-stage insulating layer. In spite of 
this, the number of stages of insulating layers, i.e. the 
number the selective growth is repeated can be more 
than two. Specifically, the number of stages of insulating 
layers is determined according to the trade-off between 
the quality of the crystal required for the optical crystal 
region or for the region where carriers to be switched 
flow on the one hand and the production cost dependent 
on the number of fabrication steps on the other. 
[0147] The semiconductor laser devices studied in 
the present embodiment up to the 14th embodiment 
each comprise insulator masks in two stages on a sub- 
strate, and a layer composed of nitride semiconductor 
crystal is selectively grown in two steps. In this way, the 
crystal dislocation density in the optical crystal region 
(such as an optical waveguide layer) can be considera- 
bly reduced. Specifically, assuming that the dislocation 
density of the crystal layer formed by homoepitaxial 
growth on the insulator mask in the first stage is in the 
range of 10 4 to lOS/cm 2 , for example, the dislocation 
density of the crystal layer formed by homoepitaxial 
growth on the insulator mask in the second stage is re- 
duced to the range of 10 3 to lO^/cm 2 . This crystal dis- 
location density is substantially at the same level as the 
dislocation density in the optical crystal region of a sem- 
iconductor laser device which already finds applica- 
tions, i.e. a device fabricated on a substrate made of a 
lll-V semiconductor material (such as GaAs or InP) oth- 
er than the nitride semiconductor. The reduced defect 
density in the optical waveguide layer reduces the loss 
due to the light scattering or the gain loss due to the 
carrier trap or the light absorption at deep level, and thus 
contributes to an operation of the semiconductor laser 
device with low threshold current and high efficiency. 
Consequently, by forming a high-quality optical 
waveguide of low defect density by selective growth in 
two or more stages, for example, it is possible to realize 
a semiconductor laser device having a refractive index- 
guided structure controlled in fundam ntal transverse 
mode which is adapted to operate with low threshold 



current, high efficiency and small internal optical loss. 
[0148] Now, a semiconductor laser device according 
to this embodiment will be describ d with ref renc to 
Figs. 16A and 16B. 
5 [0149] First, insulator masks 4 having two striped 
openings 40 shown in Fig. 1 6B are formed on the (0001 ) 
C plane of a sapphire (a-AI 2 0 3 ) single-crystal substrate 
1, The stripes of the insulator masks 4 are formed to 
extend in parallel to the (11 -20) A plane of the sapphire 
10 substrate 1. Then, GaN buffer layers 22 and a N-type 
GaN optical waveguide layer 23 are formed by selective 
growth in the first step by the metal organic vapor phase 
epitaxy. In the process, the n-type GaN layer 23 is 
formed in such a manner that a crystal layer thereof is 
grown in each of the two striped openings 40 and the 
two crystal layers thus formed are coalesced with each 
other by transverse homoepitaxial growth on the central 
insulator mask thereby to form a single crystal layer. 
[0150] After that, second-stage insulator masks 41 
are formed on the upper surface of the n-type GaN layer 
23. A striped opening 42 is formed between the insulator 
masks 41 over the central insulator mask 4 (i.e., in the 
masking region sandwiched between the two striped 
openings 40). The striped opening 42 extends substan- 
tially in parallel to the striped openings 40 of the insulator 
masks 4. Therefore, as viewed from the upper surface 
of the insulator masks 41 , the openings 40 are covered 
by the insulator masks 41 . Selective growth in the sec- 
ond stage is effected using the insulator masks 41 there- 
by to form a n-type GaN optical waveguide layer 5, a 
compressive-strained multiple quantum well active lay- 
er 6 including an AIGaN separate confinement heter- 
ostructure layer, a GaN quantum barrier and a GalnN 
compressive-strained quantum well, a p-type GaN op- 
tical waveguide layer 7 and a p-type GalnN contact layer 
8, sequentially in that order. Then, insulators 9 are 
formed by lithography, and a p-side electrode 10 and n- 
side electrodes 1 1 are deposited by evaporation. Finally, 
the assembly is cleaved in the direction perpendicular 
to the striped insulator masks to fabricate a cavity mirror. 
Then, the device is scribed off thereby to produce a lon- 
gitudinal section shown in Fig. 1 6A (the section taken in 
lineL-L'in Fig. 16B). Specifically, this semiconductor de- 
vice has a cavity structure wh ich generates a laser beam 
in the direction along the striped opening 42 formed be- 
tween the insulator masks 41 . 

[0151] According to this embodiment, the insulator 
masks 41 are formed on the semiconductor layer 23 low 
in crystal defect density produced by selective growth 
using the insulator masks 4, which insulator masks 41 
are used for selective growth to form a waveguide struc- 
ture for lasing. In this way, the optical loss in the 
waveguide structure can be reduced below that for the 
device of the first to tenth embodiments. Specifically, as 
compared with the crystal defect density in the range of 
10 4 to 1 0 5 /cm 2 of the nitride semiconductor layer (GaN 
layer) formed by homo pitaxial growth on the insulator 
masks 4 on the substrate, th crystal defect density of 
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the nitride semiconductor layers 5 to 8 formed by ho- 
moepitaxial growth on the insulator masks 41 based on 
the GaN layer 23 formed by homoepitaxial growth can 
be reduced to the range of 10 3 to 10 4 /cm 2 . 
[0152] Cons quently, by forming an optical crystal r - 
gion by the nitride semiconductor layers 5 to 7, it is pos- 
sible to considerably reduce the internal optical loss at- 
tributable to the light scattering loss due to the crystal 
defect in the particular region (an optical active layer or 
an optical waveguide layer) and the gain loss due to the 
carrier trapping or the tight absorption attributable to the 
deep level in the region. Also, the width of the optical 
waveguide layer 5 can be regulated by adjusting the 
width of the window region (the size of the opening 42) 
between the insulator masks 41 . In this way, it is possi- 
ble to construct either a gain-guided structure by setting 
the width of the optical active layer 6 on the optical 
waveguide layer 5 to not less than 5 urn or a refractive 
index-guided structure with a striped buried hete restruc- 
ture for guiding the wave with a real refractive-index dif- 
ference by setting the width of the optical active layer 6 
in the range of 1 to 3 ujti. With the device having a re- 
fractive index-guided structure with a striped buried het- 
erostructureaccordingtothis embodiment, an operation 
is possible with lower threshold current than in the gain- 
guided structure. The threshold current can thus be re- 
duced to 1/3 to 1/4 of the current required for the device 
of the gain-guided structure. This device performs the 
lasing operation with lower thresh old current and higher 
efficiency than the conventional device formed by bulk 
growth, and the lasing wavelength of this device at room 
temperature is in the range of 410 to 430 nm. 
[0153] A variation of this embodiment will be ex- 
plained with reference to Fig. 16C. The device can be 
fabricated in the same manner as shown in Fig. 1 6A. 
After growing up to the layer 8, however, the layers 7 
and 8 are etched into the shape of a ridge stripe using 
an insulator as shown in Fig. 1 6C, The bottom width of 
the ridge stripe is set to the range of 2 to 9 u.m. Further, 
a buried layer 1 2 is formed on each side of the ridge 
strip using an insulator. The buried layer 1 2 can be either 
n-type GaN current-blocking layer formed by selective 
growth or a layer buried with a dielectric insulator. The 
specification of the insulator masks 4, 41 is identical to 
that for the device shown in Fig. 16A, and the buried 
layers 12 are formed as stripes extending substantially 
in parallel to the striped opening 42. Fig. 16C shows a 
section taken in line L-L' in Fig. 16B. 
[0154] In the device shown in Fig. 16C, current can 
be injected effectively only by the width of the ridge 
stripe transversely of the optical active layer 6, thus re- 
alizing a refractive index-guided structure with a com- 
plex refractive index difference. Also, the flow of the car- 
riers injected into the optical active layer 6 is limited by 
the gap between the buried layers 1 2 as well as by the 
opening 42. Therefore, carriers can be efficiently inject- 
ed into the desired region of the optical active lay r 6 
for an improved mission fficiency. This device can 



perform the lasing operation with substantially the same 
low threshold current and high efficiency as the striped 
structure with a buri d heterostructure of the device 
shown in Fig. 1 6A, and the lasing wavelength of the de- 
5 vice at room temperatur is in the range of 41 0 to 430 
nm. 

Embodiment 12> 

10 [0155] Still another embodiment of the invention will 
be described with reference to Figs. 1 7A and 1 7B. The 
device is fabricated the same way as in the 1 1 th embod- 
iment. The difference, however, lies in that in this em- 
bodiment, after forming up to the n-type GaN layer 23, 
'5 two dummy patterns for selective growth are added out- 
side of the insulator masks 41 shown in Fig. 1 7A. The 
interval between three striped openings 42 is set in such 
a manner that the waveguide structure formed in the 
central opening (i.e., central window region) of the insu- 
lator mask 41 is not coalesced with the crystal layers 
formed on the dummy patterns. Also, the crystal layers 
formed on the dummy patterns are covered with an in- 
sulator in order not to be supplied with current. The re- 
maining steps are similar to those for the 11th embodi- 
ment, and a longitudinal section of the device shown in 
Fig. 1 7A (the section taken in line M-M' in Fig. 1 7B) can 
thus be produced. 

[0156] According to this embodiment, the crystallinity 
and the geometry are improved by avoiding unusual 
crystal growth in the central the waveguide structure 
thereby to form a more flat and smoother rectangular 
striped structure with a buried heterostructure. As a re- 
sult, the laser beam can be guided with lower loss, and 
the threshold current can be reduced to at least to the 
range of 2/3 to 1/2 of the threshold current of the 11th 
embodiment. This device performs the lasing operation 
with the lasing wavelength of 410 to 430 nm at room 
temperature. 

[0157] A variation of this embodiment will be ex- 
plained with reference to Fig. 1 7C. This device is a com- 
promise between the device of Fig. 1 6C and that of Fig. 
1 7A. Specifically, according to this embodiment, the p- 
type GaN optical waveguide layer 7 and the p-type 
GalnN contact layer 8 are processed into a ridge stripe, 
on both sides of which buried layers 12 are formed 
thereby to produce a semiconductor laser device having 
a longitudinal sectional structure as shown in Fig. 17C. 
[0158] In the device shown in Fig. 1 7C P a waveguide 
structure can be formed in a ridge stripe structure locat- 
ed at the central portion of the p-type GaN optical 
waveguide layer 7 having a crystallinity and a geometry 
improved over those of the 11th embodiment. Further, 
this permits the laser beam to be guided with a lower 
loss, and the threshold current can be reduced at least 
to the range of 2/3 to 1/2 of the threshold current in the 
device shown in Fig. 1 6C. This device performs the las- 
ing operation with the lasing wavelength in th range of 
410 to 430 nm. 
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Embodiment 13> 

[0159] A further embodiment of the invention will be 
described with reference to Figs. 1 8A and 1 8B. The de- 
vice is fabricated in the same manner as that of th 11 th 
embodiment shown in Fig. 16C, except that as shown 
in Fig. 18B, insulator masks 4 for selective growth are 
formed with at least three striped openings formed as 
window regions 40 before forming the layers 3 and 4. 
Insulator masks 41 are formed over the layers 4 in such 
a manner as to cover the openings (window regions) 40 
of the insulator masks 4. The openings (window regions) 
42 of the insulator masks 41 are formed over the pattern 
of the insulator masks 4 (i.e., the regions sandwiched 
by the openings 40). The development of crystal defects 
can be suppressed in two stages by using the insulators 
in two steps of selective growth. Then, the crystal layers 
are coalesced on the insulator masks 41 thereby to form 
an optical waveguide layer 5. A longitudinal section (the 
section taken in line N-N' in Fig. 1 8B) of the device can 
thus be produced as shown in Fig. 18A in exactly the 
same way as in the 11th embodiment. 
[0160] According to this embodiment, the crystal de- 
fect density in the optical waveguide layers 5, 7 and the 
optical active layer 6 can be reduced for a lower internal 
optical loss as compared with the devices of the 11th 
and 1 2th embodiments. In this way, the threshold cur- 
rent can be reduced to about one half that of the device 
shown in Figs. 16C and 17C.This device accomplishes 
the lasing operation with the lasing wavelength in the 
range of 41 0 to 430 nm at room temperature. 
[0161] A variation of this embodiment will be ex- 
plained with reference to Fig. 1 8C. This device is a com- 
promise between the device of Fig. 1 7C and that of Fig. 
18A. Specifically, dummy patterns are added to the 
striped openings 42 of the insulator masks 41 . 
[0162] With the device shown in Fig. 18C, a 
waveguide structure having a ridge stripe structure at 
the central portion of the p-type GaN optical waveguide 
layer 7 can be formed with a crystallinity and a geometry 
improved over the device of Fig. 1 8A. Consequently, the 
laser beam can be guided with a still lower loss, and the 
threshold current can be reduced to at least the range 
of 2/3 to 1/2 that for the device shown in Fig. 18A. This 
device performs the lasing operation with the lasing 
wavelength in the range of 410 to 430 nm at room tem- 
perature. 

Embodiment 14> 

[0163] Still another embodiment of the invention will 
be described. This device is fabricated in a similar man- 
ner to at least one of those described in the 1 1 th to 1 3th 
embodiments, except that in this embodiment, the sub- 
strate 1 is made of n-type silicon carbide (cc-SiC) with 
the substrate surface orientation in the (0001 )C plane 
having a hexagonal symmetry structur instead of a 
sapphire (a-AI 2 0 3 ) substrate. A n-type GaN buffer layer 



is formed on this substrate. Then, th device is fabricat- 
ed through the same steps as any one of the device 
structures in th 11 th to 1 3th embodiments, thereby pro- 
ducing the device shown in Figs. 16A to 16C or Figs. 
5 18Ato18C. 

[0164] According to this embodiment, the substrate 
has a conductivity, and therefore can be mounted on a 
heat sink in such a manner that a n-side electrode is 
deposited by evaporation on the reverse side of the sub- 
10 strate and the surface of the substrate having a junction 
formed thereon by crystal growth constitutes the lower 
surface thereof. Current can thus be supplied from the 
p-side electrode on the upper surface of the substrate 
through nitride semiconductors to the n-side electrode 
is on the lower surface of the substrate. Further, the ther- 
mal conductivity of the SiC substrate is larger than that 
of the sapphire substrate, and therefore the SiC sub- 
strate has a superior thermal radiation. The heat dissi- 
pation can thus be remarkably improved over the other 
embodiments. The present embodiment can produce a 
laser device which can operate at a higher temperature 
than those of other embodiments. This device performs 
the lasing operation with the lasing wavelength in the 
range of 410 to 430 nm at room temperature. 

<Conclusion> 

[0165] The description that follows is a summarization 
of the knowledge obtained on the semiconductor optical 
devices according to the present invention examined 
above with reference to the first to 14th embodiments. 
[0166] In all the embodiments, the device is fabricated 
by a process comprising a first step of forming a second 
region made of an insulating material of amorphous 
structure on a first region having a crystal structure, a 
second step of forming at least an opening in the second 
region for exposing the first region constituting a base, 
and a third step of forming a third region made of the 
crystal of a nitride semiconductor material on the second 
region in such a manner as to cover the second region, 
for example, in that order. This fundamental process of 
fabricating the device is based on the architecture of the 
invention that a nucleus for crystal growth is formed only 
in at least an opening in the second region. Specifically, 
the nucleation region is limited to the surface of the first 
region exposed on the bottom of the opening, and the 
nucleation density is increased at the particular position 
while at the same time suppressing the nucleation on 
the second region. Forthe significance of the latter idea, 
refer to the discussion made in Conclusion 3 relating to 
crystal growth. 

[0167] According to an embodiment, a nitride semi- 
conductor layer is used as a first region formed by epi- 
taxial growth on a sapphire substrate having a crystal 
structure of the hexagonal system, a silicon carbide sub- 
strate or on the (0001) plane of the crystal of any one of 
the above-mentioned substrates, and a second region 
is formed on the particular (0001) plane. Further, a ni- 
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trid semiconductor crystal (GaN layer) is grown as a 
third region in such a manner as to cover the upper sur- 
face of the second region (i.e., the portion other than th 
opening) two-dimensionally. A nitride semiconductor 
crystal of a different composition (AIGalnN) is formed by 
epitaxial growth on the third region thereby to constitute 
an optical crystal region. A similar device can be pro- 
duced by forming the first region using a substrate made 
of GaAs, InP, InAs, GaSb, GaP, GaAsP or GalnAs hav- 
ing a zinc-blende structure, one of cubic systems, and 
by forming the second region on the particular substrate 
or on the (111) plane of the nitride semiconductor layer 
formed by epitaxial growth on the substrate. It should 
be noted here that the optical crystal region of the con- 
ventional semiconductor optical device, which is formed 
by using a sapphire substrate or silicon carbide having 
a hexagonal crystal structure and by forming a nitride 
semiconductor layer on the (0001 ) plane thereof by het- 
eroepitaxial growth (or by bulk growth), has a crystal de- 
fect density in the range of 10 8 to lO^/cm 2 , while the 
crystal defect density in the optical crystal region of the 
semiconductor optical device according to the present 
invention can be reduced to the range of 1 0 4 to 1 0 5 /cm 2 
or less regardless of which crystal structure, the hexag- 
onal system or the cubic system, is employed for the 
substrate. Further, in the method according to the 11th 
to 1 4th embodiments in which the first region constituted 
of a nitride semiconductor layer is formed on a region 
made of an insulating material of amorphous structure, 
the crystal defect density of the third region formed on 
the upper surface of the second region (i.e., the portion 
other than the opening) or on the optical crystal region 
formed on the third region can be reduced to the range 
of 10 3 to lO^cm 2 or less. 

[01 68] With the semiconductor optical device accord- 
ing to the present invention, an optical crystal region (an 
optical waveguide layer, for example) can be formed of 
a high-quality nitride semiconductor crystal low in defect 
density as described above, and therefore the optical 
loss (substantially proportional to the defect density) in 
the optical crystal region can be reduced. Specifically, 
in the case where a crystal defect occurs in the optical 
crystal region, the resulting loss by light scattering, light 
absorption due to a deep level and the carrier trap lead 
to a gain loss in the particular optical crystal region. Ac- 
cording to the present invention, this gain loss in the op- 
tical crystal region is suppressed. The internal optical 
loss in the optical crystal region can thus be considera- 
bly reduced. Therefore, the optical gain in the optical 
crystal region is improved, thereby making possible a 
lasing operation with low threshold current. 
[0169] On the other hand, the third region of the sem- 
iconductor optical device according to the invention is 
grown in rectangle on the second region and has a sub- 
stantially flat surface of growth. As a result, it is geomet- 
rically possible to smoothly realize, using a nitride sem- 
iconductor, a gain-guided cavity with a gain distribution 
in the transverse direction of an active layer (in the di- 



rection perpendicular to the cavity length) in a current- 
blocking layer, or a striped ridge struct ur or a striped 
structure with a buried h terostructure constituting a re- 
fractive index-guided cavity for guiding the wave in fun- 
5 damental transverse mode by setting a refractive index 
difference transversely of the active layer. 
[0170] The above-mentioned low crystal defect den- 
sity and smooth rectangular structure of the optical crys- 
tal region, which has been realized for the first time by 
10 the semiconductor optical device according to the 
present invention, improves the performance of a sem- 
iconductor laser device to such an extent that the thresh- 
old current for lasing is reduced to at least one half that 
of the conventional devices and the internal quantum 
efficiency at least twice that of the conventional devices. 
The present inventors have confirmed from various de- 
vice configurations that the threshold current can be re- 
duced to as low as one-eighth that of the conventional 
devices. This improved performance is critical to the 
low-threshold current, high-efficiency operation of a 
semi-conductor laser device. 

[0171] Further, depending on the shape of the open- 
ing formed in the second region, it is possible to realize 
a phased array structure capable of high-output opera- 
tion in fundamental transverse mode or a vertical cavity 
structure for surface emitting suitable for reducing the 
threshold current. In the former structure, an operation 
in longitudinal single mode can be achieved by forming 
a waveguide structure as a cavity mirror in each window 
region (opening) of the insulator mask. In the device 
having the configuration shown in the 11th to 14th em- 
bodiments, the threshold current for lasing can be re- 
duced to 1/3 to 1/4 that of the conventional devices hav- 
ing a gain-guided structure, by fabricating a striped re- 
fractive index-guided structure with a buried heter- 
ostructure having a real refractive index difference in the 
direction transverse of an active layer or a ridge-striped 
refractive index-guided structure having a complex re- 
fractive index difference formed by etching, depending 
on the design width of the window region of the insulator 
mask. 

[0172] In the device according to each of the embod- 
iments, the lasing wavelength at room temperature is 
set to the wavelength of the blue-violet region in the 
range of 41 0 to 430 nm. The emission of green to violet 
not more than 600 nm in lasing wavelength is possible 
by appropriately setting the composition of the nitride 
semiconductor layer making up the optical crystal re- 
gion. For this method, refer to the references cited first 
above as the prior art. 

INDUSTRIAL APPLICABILITY 

[0173] In the semiconductor materials and the meth- 
ods of fabrication thereof according to the invention, 
there is provided a body suitable for growing the crystal 
of a nitrid semiconductor or a lll-V compound semicon- 
ductor having a h xagonal crystal structur while at th 
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sam tim suppressing the defect density thereof to 1 0 7 / 
cm 2 or less. Therefore, the semiconductor device that 
already finds applications using a lll-V compound sem- 
iconductor having a crystal structure of the cubic system 
can be configured and used in practical applications with 
the crystal of a nitride semiconductor or the crystal of a 
lll-V compound semiconductor having a hexagonal 
crystal structure. 

[0174] Further, with the semiconductor optical device 
constituting one of the semiconductor devices accord- 
ing to the invention, the optical loss or the carrier loss in 
the optical crystal region can be reduced. For example, 
the 100-hour continuous operation (CW oscillation) by 
a semiconductor laser device composed of a nitride 
semiconductor that has so far been considered difficult 
is made possible by the invention. A semiconductor la- 
ser device according to the invention, therefore, has an 
additional effect of promoting the practical application of 
commercial equipments such as a high-definition DVD, 
a high-density MD or a laser display using what is called 
a short-wavelength laser beam of blue-green to blue- 
violet. 



Claims 

1 . A semiconductor material, comprising: 

a first region (5 to 8, 52, 54, 55) of a compound 
semiconductor containing nitrogen, and 
a second region (4) of an insulator, 

characterised in that 

the first region (5 to 8, 52, 54, 55) is made of 
a single crystal at least a portion thereof being 
grown on the second region (4) which has an amor- 
phous structure. 

2. The material of claim 1 , wherein said first region 
(5-8, 52, 54, 55) has a single crystal structure with 
hexagonal symmetry. 

3. The material of Claim 1 or 2, wherein the density of 
defects in the single crystal of the portion of said 
first region (5-8, 52, 54, 55) grown on said second 
region (4) is not more than 1 0 7 cnrr 2 . 

4. The material of Claim 1 or 2, wherein the compound 
semiconductor constituting said first region (5-8, 52, 
54, 55) is configured of a group-Ill element and a 
group-V element. 

5. A method of fabricating the semiconductor material 
of any of claims 1 to 4, comprising growing a single 
crystal of a compound semiconductor containing ni- 
trogen as a constituent element on an insulator sur- 
face of an amorphous structure. 



6. The method of Claim 5, wherein said insulator is 
formed on a crystal substrate having a hexagonal 
symmetry structure and has at least an opening 
(40). 

5 

7. The method of claim 5 or 6, comprising growing a 
single crystal having a hexagonal symmetry struc- 
ture of a compound semiconductor configured of a 
group-Ill element and a group-V element on an in- 
fo sulator surface of an amorphous structure. 

8. The material of claim 1 , wherein said single crystal 
of a compound semiconductor containing nitrogen 
is formed as a substrate. 

15 

9. The material of Claim 8, wherein the density of de- 
fects in the single crystal of said compound semi- 
conductor is not more than 10 7 cm' 2 . 

20 1 o. A semiconductor device comprising the material of 
any of claims 1 to 4, wherein said second region (4) 
is formed on a third region (1 , 2, 3, 23), and said 
first region (5-8, 52, 54, 55) is formed on said sec- 
ond region, and an opening (40) is formed in said 

25 second region and said first and third regions are 
coupled to each other in said opening. 

1 1 . The device of Claim 1 0, wherein said first region in- 
cludes an optical crystal region (5) formed on said 

30 third region (1,2, 3, 23). 

12. The device of Claim 11 , wherein said optical crystal 
region (5) has a cavity structure for generating a la- 
ser beam. 

35 

13. The device of Claim 10 or 11 , wherein said first re- 
gion is formed by stacking at least two semiconduc- 
tor layers (5, 6, 7, 8) having different band gaps. 

40 

Pate ntansp ruche 

1. Halbleitermaterial, mit 

einem ersten Bereich (5 bis 8, 52, 54, 55) aus 
45 einem Verbindungshalbleiter, der Stickstoff enthalt, 
und mit 

einem zweiten Bereich (4) aus einem Isolator; 
dadurch gekennzelchnet, daB 

der erste Bereich (5 bis 8, 52, 54, 55) aus ei- 
so nem Einkristall besteht, von dem wenigstens ein 
Teil auf dem zweiten Bereich (4), dereine amorphe 
Struktur aufweist, durch Aufwachsenlassen ausge- 
bildet wurde. 

55 2. Material nach Anspruch 1 , wobei der erste Bereich 
(5 bis 8, 52, 54, 55) eine Einkristallstruktur mit he- 
xagonal rSymm trie aufweist. 
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wenigstens zwei HaEbleiterlagen (5, 6 } 7, 8) mit un- 
terschiedlichen Bandabstanden ausgebildet wird. 



s Revendlcatlons 

1 . Materiau semi-conducteur, comportant : 

une premiere region (5 a 8, 52, 54, 55) consti- 
10 tuee d'un semi-conducteur a jonction conte- 

nant de r azote, et 

une deuxieme r§gion (4) constitute d'un iso- 
lant, 

*5 caracterlse en ce que 

la premiere region (5 a 8, 52, 54, 55) est cons- 
tituee d'un monocristat dont au moins une partie est 
tiree sur la deuxieme region (4) qui a une structure 
amorphe. 

20 

2. Matenau selon la revendication 1 , dans lequel ladite 
premiere region (5 a 8, 52, 54, 55) a une structure 
monocristalline ayant une symetrie hexagon ale. 

25 3. Materiau selon la revendication 1 ou 2, dans lequel 
la density de defauts dans le monocristal de la par- 
tie de ladite premiere region (5 a 8, 52, 54, 55) tiree 
sur ladite deuxieme region (4) n'est pas superieure 
a10 7 cur 2 . 

30 

4. Materiau selon la revendication 1 ou 2, dans lequel 
le semi-conducteur a jonction constituant ladite pre- 
miere region (5 a 8, 52, 54, 55) est configure a parti r 
d'un element du groupe III et d'un element du grou- 
ps pe V. 

5. Proced§ de fabrication du materiau semi-conduc- 
teur selon I'une quelconque des revendications 1 a 
4, comportant le tirage d'un monocristal d'un semi- 

40 conducteur a jonction contenant de I'azote en tant 
qu'element constitutif sur une surface d'isolant 
d'une structure amorphe. 



3. Material nach Anspruch 1 Oder 2, wobei die Defekt- 
dichte in dem Einkristall des Teils des ersten Be- 
reichs (5 bis 8, 52, 54, 55), derauf dem zweiten Be- 
reich (4) durch Aufwachsenlassen ausgebildet wur- 
de, nicht groBer ist als 1 0 7 cm -2 . 

4. Material nach Anspruch 1 oder 2, wobei der Verbin- 
dungshalbleiter, der den ersten Bereich (5 bis 8, 52, 
54, 55) bildet, aus einem Element der Gruppe III 
und einem Element der Gruppe V besteht. 

5. Verfahren zum Herstellen des Halbleitermaterials 
nach einem der Anspruche 1 bis 4, mit dem Auf- 
wachsenlassen eines Einkristalls eines Verbin- 
dungshalbleiters, der Stickstoff als Bildungsele- 
ment enthalt, auf der Oberflache eines Isolators mit 
amorpher Struktur. 

6. Verfahren nach Anspruch 5, wobei der Isolator auf 
einem Kristallsubstrat mit einer hexagonalen Sym- 
metriestruktur ausgebildet wird und wenigstens ei- 
ne Offnung (40) aufweist. 

7. Verfahren nach Anspruch 5 oder 6, mit dem Auf- 
wachsenlassen eines Einkristalls mit einer hexago- 
nalen Symmetriestruktur aus einem Verbindungs- 
halbleiter, der aus einem Element der Gruppe III 
und einem Element der Gruppe V gebildet wird, auf 
der Oberflache eines Isolators mit amorpher Struk- 
tur. 

8. Material nach Anspruch 1 , wobei der Einkristall aus 
einem Verbindungshalbleiter, der Stickstoff enth alt, 
als Substrat ausgebildet ist. 

9. Material nach Anspruch 8, wobei die Defektdichte 
in dem Einkristall des Verbindungshalbleiters nicht 
groBer ist als 10 7 cm -2 . 

10. Halbleitervorrichtung mit dem Material nach einem 
der Anspruche 1 bis 4, wobei derzweite Bereich (4) 
auf einem dritten Bereich (1 , 2, 3, 23) ausgebildet 
ist und der erste Bereich (5 bis 8, 52, 54, 55) auf 
dem zweiten Bereich ausgebildet ist, und wobei im 
zweiten Bereich eine Offnung (40) ausgebildet ist 
und der erste und der dritte Bereich miteinander 
durch die Offnung verbunden sind. 

11. Vorrichtung nach Anspruch 10, wobei der erste Be- 
reich einen optischen Kristallbereich (5) umfaBt, der 
auf dem dritten Bereich (1 , 2, 3, 23) ausgebildet ist. 

12. Vorrichtung nach Anspruch 11, wobei deroptische 
Kristallbereich (5) eine Hohlraumstruktur zum Er- 
zeugen eines Laserstrahls aufweist. 

13. Vorrichtung nach Anspruch 10 oder 11, wobei der 
erste Bereich durch Ubereinanderschichten von 



6. Procede selon la revendication 5, dans lequel ledit 
45 isolant est form 6 sur un substrat cri stall in ayant une 
structure a symetrie hexagonale et a au moins une 
ouverture (40). 



7. Proc6d6 selon la revendication 5 ou 6, comportant 
50 le tirage d'un monocristal ayant une structure a sy- 
metrie hexagonale d'un semi-conducteur a jonction 
configure a parti r d'un element du groupe III et d'un 
element du groupe V sur une surface d'isolant d'une 
structure amorphe. 

55 

8. Materiau selon la r vendication 1 , dans lequel ledit 
monocristal d'un semi-conducteur a jonction conte- 
nant d i'azote est forme en tant que substrat. 
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9. Materiau selon la revendication 8, dans lequel la 
density de defauts dans le monocristal dudit semi- 
conducteur compost n'est pas superieur a 1 0 7 
cm -2 . 

10. Dispositif a semi-conducteurs comportant le mate- 
riau selon I'une quelconque des revendications 1 a 
9, dans lequel ladite deuxieme region (4) est formee 
sur une troisieme region (1 , 2, 3, 23) et ladite pre- 
miere region (5 a 8, 52, 54, 55) est form6e sur ladite 
deuxieme region, et une ouverture (40) est formee 
dans ladite deuxieme region et lesdites premiere et 
troisieme regions sont couplees I'une a I'autre dans 
ladite ouverture. 

11. Dispositif selon la revendication 10, dans lequel la- 
dite premiere region comporte une region cristalline 
optique (5) formee sur ladite troisieme region (1 , 2, 
3, 23). 

12. Dispositif selon la revendication 1 1 , dans lequel la- 
dite region cristalline optique (5) a une structure en 
cavit6 pour geneYer un faisceau laser. 

13. Dispositif selon la revendication 10 ou 11 , dans le- 25 
quel ladite premiere region est formee en empilant 
au moins deux couches semi-conductrices (5, 6, 7, 
8) ayant des bandes interdites differentes. 
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FIG. 1A 



FIG. 1B 
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FIG. 6A 
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